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ABSTRACT 
In modern age, agricultural commodity has attained industrial importance, in other 
words, agriculture alone can keep the wheels of industry moving. Thus, the seed 
which is the source of the origin of agriculture cannot be neglected. A variety of 
microorganisms like bacteria, fungi and viruses tend to invade seeds and render them 
diseased. Among the seed invaders, the fungi constitute a major group which is 
known as seed mycoflora or seed-borne fungi. Depending upon the presence of fungi 
either on the seed coat or inside the seed, it is further classified as external seed borne 
fungi or internal seed borne fungi. 
Heavy losses have been observed to be caused by seed borne-fungi in various crops. 
Seed rot, seedling rot, i.e. pre and post emergence losses, diseases at various stages of 
plant growth like leaf spots, stem rots, wilt, blights, root rots etc., influence the crop 
stand and ultimate yield. 
Periodic failure of crops raised from even good quality seeds due to diseases and 
production of abnormal seedlings and dead seeds in germination test and the 
increasing demand of healthy seeds in producing disease free crops has drawn the 
attention for this research work. 
Two important food crops wheat (Triticum aestivum L.) and maize (Zea mays L.) of 
family Poaceae/Graminae were selected for the study of seed health testing 
programme. The present investigations were carried out to study the mycoflora 
associated with wheat and maize seeds, deterioration caused by the fungal pathogens 
and to find out an effective and ecofriendly biological control measure through the 
integrated disease management methods. 
Study was conducted in two phases 
1. in vitro studies under laboratory conditions 
2. Pot experiments outside laboratory 
Invitro studies for the detection of seed-borne mycoflora of wheat and maize 
crops 
Inspection of the dry seeds of wheat and maize varieties indicated that certain seeds 
were damaged, deformed, discoloured and contaminated with inert matter and 
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infected with mycelial fragments. Studies of seeds of both cereals after soaking and 
washing with water revealed that conidia of Alternaria alternata, Drechslera, 
Curvularia lunata, Ustilago tritici, Fusarium moniliforme, Rhizopus oryzae and 
Aspergillus niger were present. In the screening of different wheat varieties collected 
from different areas of Aligarh district, PBW343 was found to be most susceptible in 
terms of fungal infection as compared to other varieties. In variety PBW343 the most 
predominant fungi detected in order of prevalence were Alternaria triticina, 
Alternaria alternata, Ustilago tritici, Fusarium moniliforme, Rhizopus oryzae, 
Aspergillus niger, Drechslera australiensis. Maximum fungal incidence was recorded 
with Alternaria triticina and minimum with Drechslera australiensis in variety 
PBW343 screening test. 
Similarly, in the screening of different varieties of maize, KH101 was the most 
susceptible variety and the most predominant fungi detected in order of prevalence 
were Aspergillus flavus, Aspergillus niger, Alternaria alternata, Colletotrichum 
graminicola, Fusarium moniliforme, Penicillium spp., Bipolaris sorokiniana, and 
Curvularia lunata. Maximum fungal incidence was recorded with Aspergillus flavus 
and minimum with Curvularia lunata in variety KH101 screening test. 
The detection of seed-borne fungi of wheat and maize seeds was done by using the 
blotter, agar plate and deep freezing methods as recommended by ISTA. From Blotter 
method, 20 fungi from non sterilized seeds and 16 fungi from surface sterilized seed 
were detected in variety PBW343. Similarly, 16 fungi from non sterilized seeds and 
14 fungi were detected from surface sterilized seed in maize variety KH101. 
From PDA method, 20 fungi from non sterilized seeds and 17 fungi from surface 
sterilized seed were isolated from wheat variety PBW343. Similarly 13 fungi as 
external seed mycoflora and 14 as internal seed mycoflora were isolated from maize 
variety KH101. From Deep freeze method, 18 fungi from non sterilized seeds and 16 
fungi from surface sterilized seed were isolated from wheat variety PBW343.  
In case of maize variety KH10116 fungi as external seed mycoflora and 13 as  
internal seed mycoflora were isolated. Among the three different seed health testing 
methods employed to assess their efficacy and reliability, blotter method was found to 
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be better for the detection of seed borne infection of different fungal species in wheat 
and maize seed samples. 
Most frequently occurring fungi were Alternaria triticina, Alternaria alternata, 
Aspergillus niger,and Ustilago tritici in case of wheat variety PBW343. On the other 
hand most frequently occurring fungi viz. Aspergillus flavus, Aspergillus niger, 
Aspergillus fumigatus, Alternaria alternata, and Colletotrichum graminicola, were 
found from maize variety KH101 through all the incubation methods. 
Studies on transmission and pathogenicity of wheat and maize under laboratory 
conditions 
Transmission studies and pathogenicity tests were conducted under laboratory 
conditions. Two methods were used for the study of location of pathogen in the seed 
and its transmission from the seed to seedling stage. Most frequently occurring fungi 
of wheat and maize seeds were selected for pathogenicity tests. 
Results of transmission of five seed-borne fungi of wheat from seed to germinating 
seeds and seedlings were determined by test tube seedling test. U. tritici, A. alternata, 
A. triticina, B.sorokiniana, F. moniliforme and A.niger were found to transmit to the 
germinating seeds causing pre-emergence and post emergence death. In case of seed-
borne fungi of maize five kernel pathogens namely A.niger, A.flavus, B.sorokiniana , 
F. moniliforme and C.graminicola were found to transmit to the germinating seeds 
causing seed rot, pre-emergence and post emergence death along with other damages. 
Four different methods as Seed coating method, Spore suspension method, Inoculum 
disc method, and Cotton swab method were used for pathogenicity test to select the 
method which may be standardized for pathogenicity, pathogen variability/ 
aggressiveness analysis and screening of varieties against the seed-borne pathogens of 
wheat and maize. Among the four methods, three were conducted in pots and the 
remaining one was employed using test tubes. Out of which, Cotton swab method was 
found to be most suitable for pathogenicity test. 
Disease management studies  
Screening of biocontrol agents, botanicals and fungicides by Dual culture method and 
Poisoned food technique were evaluated during in vitro study for the disease 
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management of pathogenic fungi of wheat and maize. For the ecofriendly 
management of diseases, biocontrol agents and botanicals were proved significant, 
when they were tested for their antifungal activity and their efficacy was compared 
with that of fungicides. The efficacy of the biocontrol agents, botanicals and 
fungicides was determined by the percent inhibition of the mycelial growth of 
pathogenic fungi. Pathogenic fungi of wheat viz. A.triticina, A.alternata, 
F.moniliforme, B.sorokiniana, and U.tritici and pathogenic fungi of maize viz. 
Aspergillus flavus, Bipolaris sorokiniana, Fusarium moniliforme and Colletotrichum 
graminicola were tested during the study. 
Among the four fungicides, carbendazim proved to be the most effective one in 
inhibiting the mycelial growth of pathogenic fungi followed by benlate, mancozeb, 
and vitavax at 500 ppm concentration. Encouraging results were given by the 
biocontrol agents. In all the four biocontrol agents, T.harzianum was found to be the 
most effective one in inhibiting the mycelial growth of pathogenic fungi followed by 
P. fluorescens, T.viride, and B.subtilis at 5mm disc containing 10
8
 conidia/ml 
concentration. 
The antifungal properties of some plant extracts were investigated with the aim of 
finding alternatives to the use of chemicals. Among the seven botanicals, E. globulus 
was the most effective one in inhibiting the mycelial growth of pathogenic fungi 
followed by C. procera, O. sanctum, D.stramonium, L.camara, R. communis, and E. 
hirta at 20% concentration. 
Most of the seed-borne fungi of wheat and maize were controlled by biocontrol agents 
and plant extracts by seed priming with the specific doses as they were found 
effective in screening test on fungal infection percentage and seed germination 
percentage. The results of the biological methods can be ranked equal to that of 
chemical fungicides.  
Management of Alternaria leaf blight and loose smut infection in wheat and 
Anthracnose leaf blight and Aspergillus Ear rot in maize in pot experiments. 
The efficacy of different biocontrol agents, fungicides and botanicals were assessed 
singly as well as in different combinations on the leaf blight infection caused by 
Alternaria  triticina and loose smut infection caused by Ustilago tritici on wheat and 
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Aspergillus Ear rot infection caused by Aspergillus flavus and Anthracnose leaf blight 
infection caused by Colletotrichum graminicola in case of maize.  Different growth 
parameters such as shoot length, shoot fresh and dry weight, root fresh and dry 
weight, number of spikelets per spike, number of grain per spike in wheat plants and 
number of cobs per plant, number of seeds per cobs in maize plant and percent 
germination of seeds were recorded. Similarly biochemical parameters like 
chlorophyll content, carotenoid content from leaves and protein and carbohydrate 
content in seeds were analyzed. 
Pathogenicity test for Alternaria triticina and Ustilago tritici on wheat plant were 
conducted in green house to determine the inoculum threshold levels. In case of 
Alternaria triticina maximum reduction in plant growth parameters was caused at the 
highest inoculum level 3 (4x10
4
 spores/ml spores/ml) and in case of Ustilago tritici 
maximum reduction in plant growth parameters was observed at the inoculum 
threshold level (1.5 x10
4
 spores/ml).   
Pathogenicity test for Colletotrichum graminicola and Aspergillus flavus on maize 
plant were counducted in green house to determine the inoculum threshold levels. In 
case of Colletotrichum graminicola maximum reduction in plant growth parameters 
was observed at the highest inoculum level 3 (1.2x10
6
 spores/ml) and  Aspergillus 
flavus caused maximum reduction in plant growth parameters  at the inoculum 
threshold level 3 (1x10
6 
spores/ml). These levels of inoculum were therefore, used in 
the experiments related to the management of seed borne infection through organic 
amendments using botanicals, biocontrol agents and fungicides.  
All the fungal control agents such as biocontrol agents, botanicals and also the 
fungicides were applied with their tested and specific doses. These were applied by 
different methods of application from as in the form of spray, in the form of seed 
coating and in the combinations of application with FYM amended soil in the pot 
experiments. 
Carbendazim and Vitavax were found to be most effective in controlling fungal 
infection in wheat and Carbendazim and Benlate were found to be most effective in 
controlling fungal infection in maize crops. Out of  the four biocontrols tested, 
Trichoderma harzianum and Pseudomonas fluorescens were found to be most 
effective in controlling fungal infection in wheat and maize crops.  
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Seven botanicals were tested, among them Eucalyptus globulus and Ocimum sanctum 
were proved to be the most effective treatment in controlling fungal infection in wheat 
and maize.  
Noticeable improvement was recorded due to seed health treatments in growth  
parameters of the two plants. All the growth parameters as shoot length, shoot fresh 
weight, shoot dry weight, root length, root fresh weight, root dry weight, number of 
spikelets per spike, number of grains/ spike, number of cobs/plant and number of 
seeds/cob and chlorophyll content showed an increase as compared to control. 
General health conditions of the plants improved along with the food value of the 
seeds which was decreased due to fungal infections. Protein and carbohydrate 
contents were also increased as a result of these treatments. 
In recent years, much attention has been given to non-chemical substances for seed 
treatment to protect them against seed-borne pathogens. Chemical fungicides can 
control the plant disease, but it has bad effects on human health, plants and animals 
and also harmful to our environment. 
Furthermore, the use of fungicides has resulted in the buildup of toxic chemicals, 
potentially hazardous to man and environment and also in the buildup of resistance by 
pathogens. Several higher plant products and their constituents have shown success in 
plant disease control and are proved to be harmless and non-phytotoxic like chemical 
fungicide. Therefore the development of bio pesticides has been focused as a viable 
pest control strategy in recent years. A natural product produced by the plants is 
definitely a new source of potential pesticides as different botanicals in the present 
studies gave encouraging results.Their effectiveness invitro and in pot tests proved to 
be encouraging as seed treatment trials. The present results will form the basis for 
selection of plant species for further investigation in the potential discovery of new 
natural bioactive compounds. Ecofriendly management of plant diseases using 
botanicals or by using other microorganisms that are antagonistic to pathogens is 
overall the best means of controlling plant diseases. Further such studies will help in 
research which is aimed at the isolation and structure elucidation of antipathogenic 
active constituents from the plants and secondary metabolites of plant kingdom. 
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                                                     INTRODUCTION 
Agriculture is one of the major sectors of the Indian economy where 70% of 
its population depends upon it for their livelihood and it contributes over 40% of the 
gross national product. Organic farming has emerged as an important area of priority 
in view of the growing demand for safe and healthy food and long term sustainability 
that is concerned with environmental pollution associated with indiscriminate use of 
agro-chemicals. 
The recent developments in the field of agriculture, prompted the scientists to 
develop effective and innovative strategies for disease management. One of the most 
salient consequences of this paradigm shift in scientific thought process is the attempt 
to conclusively do away with the complete reliance and dependence on chemical 
pesticides. Broadly, these pesticides are relatively effective but create a lot of hazards 
to mankind and the environment in totality.  
To successfully achieve an ecologically sustainable, economically appropriate 
and a lasting strategy, it is imperative to explore and thus, exploit alternative 
methodologies of disease management. 
Plant diseases have been found to produce a negative impact on the health, 
natural growth and productivity of crop plants. The catalytic agents of diseases in 
plants may be non living entities or physiological disorders or may be unfavorable 
environmental conditions. But the major disease causing agents include pathogenic 
microorganism such as viruses, bacteria, fungi, protozoa and nematodes. Among all 
these, pathogenic fungi constitutes a major group of disease causing agents.   
The growth and yield of plant is adversely affected by these diseases causing 
agents which may be transmitted through different agencies, among which seeds play 
an important role. 
Importance of seeds is twofold in the agriculture, as it is the source of origin of 
agriculture, being fundamental unit of any crop and it is also a source of inoculum and 
dissemination of infection. Realizing the importance of seed in agriculture and the 
increasing demand of the healthy seeds in the production of disease free crops raised a 
new area of science that studies the relationship between the pathogens and seed. It 
does not only identify the pathogens, it also includes the role of the seed as a source of 
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inoculums, the survival of the pathogen and the actions taken to control the pathogens 
associated to seeds.   
Seed Pathology:  
The term ‘seed pathology’ denotes the science dealing with seed health and it 
is concerned with the seed-borne microorganisms which may be associated externally, 
internally or as concomitant contamination as selerotia, gall, fungal bodies, bacterial 
ooze, infected plants parts which not only create problems to agricultural producers 
but are hazardous to animals and human being who consumed them, besides this, they 
also reduce the market value of the grain. 
Paul Neergaard is known as the father of seed pathology served as the 
chairman of International Seed Testing Association (ISTA) from 1956-1974 and he 
gave standardize methods for the detection of seed-borne fungi. Seed pathology 
makes a comprehensive study of the seed-borne diseases and pathogens, mechanism 
of infection seed transmission, role of seed-borne inoculum in seed development, 
techniques for detection of seed-borne pathogen. 
Seed-borne diseases have caused heavy losses to crops all over the world. 
More than one thousand years ago the importance of good seeds was realized in India 
but till date many seed borne infections have caused substantial losses and make the 
plants diseased. Some of the fungal diseases are seed-borne and transmitted through 
seeds (Agarwal and Sinclair, 1987; Farr et al., 1989; Agrios, 2005; Fakhrunnisa et al., 
2006; Anon., 2010). 
Numerous examples exist in agriculture literature for the international spread 
of plant diseases as a result of import of seeds that were infected or contaminated with 
pathogens, which are well protected inside the seeds and disseminated easily from one 
area to another (Agarwal and Sinclair, 1996). Seed-borne diseases have been found to 
affect the growth and productivity of crop plants (Kubiak and Korbus, 1999). 
It is quite clear that the seed-borne fungi constitute one of the most important biotic 
constrains in seed production worldwide. 
They are responsible for both pre and post-emergence death of grains, affect 
seedling vigour, and thus causes reduction in germination and also variation in plant 
morphology (Van Du et al., 2001; Rajput et al., 2005; Niaz and Dawar, 2009). If 
infested grain is used as seed, that would not only reduce crop yield but also the seed 
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from the crop will be a source of disease inoculum (Clear and Patrick, 1993). Fungal 
infection of grain in the field can result in yield loss and quality reduction (Nijs et al., 
1996; Mesterhazy et al., 2003). 
Test crop 1- Wheat 
Triticum aestivum, commonly known as ‘Genhu’ is an important cereal crop 
of Indian agriculture and food security system. Wheat is one of the main staple food 
or feed crop of several countries of Asia, Africa and is grown in almost all the 
temperate and subtropical regions of the world. This important food crop covers an 
area of more than 12 million hectors (Britannica online 2015). 
Wheat is a genus of the family Poaceae (Graminae) with the typical spike of 
spikelet inflorescences containing the most important part of the plants i.e. the food 
grain used to feed a large population of the world.  
Production and economic importance of Wheat: 
Wheat is grown in India over an area of about 266.92 lakh ha. with a 
production of 721.40 lakh tonnes. The normal National productivity is about 2703 
kg/ha. The major Wheat producing States are Uttar Pradesh, Punjab, Haryana, 
Madhya Pradesh, Rajasthan, Bihar, Maharashtra, Gujarat, Karnataka, West Bengal, 
Uttaranchal, Himachal Pradesh and Jammu & Kashmir. These States contribute about 
99.5% of total wheat production in the country. Remaining States, namely, Jharkhand, 
Assam, Chhattisgarh, Delhi and other North Eastern States contribute only about 0.5 
% of the total wheat production of the country. 
The total production increased to the magnitude of more than six folds from roughly 
12.3 million metric tons in 1964-65 to an estimated 90.78 million metric tons in 2014-
15 in India (Commodity Profile for Wheat- August 2015). 
Wheat is the words most important cereal being chief source of staple food for 
about 1/3rd of the global population. The most important wheat variety are Triticum 
aestivum, used to make bread, T. durum, used in making pasta (alimentary pastes) 
such as spaghetti and macaroni; and T. compactum, or club wheat, a softer type, used 
for cake, crackers, cookies, pastries, and family flours. Besides the use as staple crops, 
whole grains contain several compounds that are capable of minimizing the damaging 
effects of oxidative reaction i.e. this whole grain is full of antioxidants which fight the 
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body’s free radicals and save the body from the damages of the heart disease, cancers, 
and diabetes. 
2- Maize 
Zea mays, belongs to the grass family Poaceae (Gramineae), and is a tall 
annual plant with an extensive fibrous root system. Maize (Zea mays L.) is a tall, 
monoecious annual grass with overlapping sheaths and broad conspicuously 
distichous blades. Maize plants have staminate spikelets in long spike-like racemes 
that form large spreading terminal panicles (tassels) and pistillate inflorescences in the 
leaf axils, in which the spikelets occur in 8 to 16 rows, approximately 30cm long, on a 
thickened, almost woody axis (cob). The whole structure (ear) is enclosed in 
numerous large foliaceous bracts and a mass of long styles (silks) protrude from the 
tip as a mass of silky threads (Hitchcock and Chase, 1971). The grains are one seeded 
caryopsis with starchy endosperm in regular rows round a white pithy substance, 
which forms the ear. The grain develops in the ears, or cobs, often one on each stalk. 
An ear of maize contains from two to four hundred grains, and is from six to ten 
inches in length. 
Production and economic importance of Maize: 
Maize cultivation in the world is limited by diseases which cause grain loss of 
about 11% of the total production. Maize is widely cultivated throughout the world, 
and a greater weight of it is produced each year than any other grain. Worldwide 
production was around 800 million tonnes in 2007, just slightly more than rice (~650 
million tonnes) or wheat (~600 million tonnes). Maize production in India has grown 
at a CAGR of 5.5 percent over the last ten year from 14 MNMT in 2004 - 05, 23 
MNMT in 2013-14 (Krishijagran.com. Commodity Profile for Maize, 2015). 
Maize plays an important role in the diet of millions of people due to its high 
yield per hectare, its ease of cultivation and adaptability to different ecological zones, 
versatile food use and storage characteristic (Asiedu, 1989). Attention is continuously 
focused on maize (Zea mays) because it is one of the most important dietary staple 
foods and feed stuffs in different part of the world (FAO, 2002). 
Seed-borne disease of Wheat and Maize 
Heavy losses have been observed to be caused by seed-borne pathogens in 
various crops including wheat and maize. Seed rot, seedling rot, i.e. pre and post 
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emergence losses, diseases at various stages of plant growth,  leaf spot, stem rots, 
wilt, blights, root rot, fruit rots etc influence the crop stand and ultimate yield. The 
expectations of a cultivar are shattered if the seeds used are not of a high quality and 
pathogen free. 
In developing countries with poor farming practices seed-borne pathogens are 
among the major constraints. Two-thirds of total losses of maize crops are due to 
seed-borne diseases, and of these Diplodia and Fusarium graminearum accounts for 
about 25 per cent and Drechslera spp. for almost 20 per cent of the total loss due to 
diseases (Neergaard, 1979). Seed-borne fungi are important from economic point of 
view as they render losses in a number of ways, loss in germination, pre and post-
emergence losses, discolorations and shriveling, toxin production, also play an 
important role in disease spread. Large numbers of the fungi infect the seeds and 
causes quality damage and discoloration of the seed (Christensen and Stakman, 1934; 
Bhowmik, 1969). 
Seed health testing plays an important role for the successful cultivation and in 
obtaining a high yield. Among various factors that affect seed health, the most 
important are the seed-borne fungi that not only lower seed germination, but also 
reduce seed vigor resulting in low yield. Some of the fungal diseases are seed-borne 
and transmitted through seeds (Agarwal & Sinclair, 1987; Farr et al., 1989; Agrios, 
2005; Fakhrunnisa et al., 2006; Anon., 2010). 
Fungi are the principal organisms associated with crop seeds. A complex of 
seed-borne fungi including genera of Tilletia, Ustilago, Bipolaris, Fusarium, 
Alternaria, Drechslera, Stemphylium, Curvularia, Cladosporium, Rhizopus, 
Aspergillus and Penicillium has been convincingly reported as the most frequent seed-
borne fungi of wheat throughout the world (Hashmi and Ghaffar, 2006; Rehman et 
al., 2011; Suproniene et al., 2011). 
The plant quarantine section of the Division of mycology and plant pathology, 
Indian Agricultural Research Institute, New Delhi, has intercepted different pathogens 
on cereal grains such as Tilletia foetida, T. caries, Fusarium graminearum, F. 
avenaceum, etc on wheat. Wheat (Triticum aestivum L.) which is considered as one of 
the most important cereal crop in the world, has been found to be associated with 
about 120 different diseases around the world and out of which about 42 are seed-
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borne and about 35 diseases are caused by seed-borne fungi. Wheat suffers from 
many diseases but the most destructive of them are the diseases caused by fungi, viz., 
rusts, smuts and bunts, leaf-spots and foot rots and mildews.  
Seed-borne pathogens of wheat are responsible to cause variation in plant 
morphology and also reducing yield up to 15-90%, if untreated seeds are grown in the 
field (Wiese, 1984). Several seed-borne pathogens are known to be associated with 
wheat seed which are responsible for deterioration of seed quality during storage. 
Wheat plants at all stages of growth are subjected to numerous injuries and 
stresses, which interfere with their normal functioning and development. Each year 
about 20% of the wheat that otherwise would be available for food and feed is lost 
due to diseases (Fakir, 1999).  
Joshi et al. (1970) have reported the existence of leaf spot diseases of wheat 
from India, caused by Helminthosporium sorokianum, H. speciferum. The question 
about their seed-borne nature is still unexplored, though majority of these have also 
been considered by Noble and Richardson (1968) as seed-borne. 
Bhutta et al. (1999) have reported some seed-borne fungi of wheat. A total of 246 
seed samples collected and studied for their health status by using ISTA techniques. 
Among the important pathogens isolated Alternaria triticina, Bipolaris sorokiniana, 
Fusarium graminearum and F. semitectum, B. sorokiniana appeared to be the major 
fungi in wheat growing areas. 
An investigation was carried out on the mycoflora associated with developing 
wheat grains using the black point susceptible wheat cv. Kanchan. Four samples were 
collected from the soft draught to grain ripening stage and the blotter method was 
used to detect fungi. More than 11 species of 10 genera were found important among 
them were Cladosporium cladosporioides, Alternaria tenuis, Fusarium sp. etc. 
(Ahmed et al., 1994). 
In case of wheat, loose smut and bunts are the most important seed-borne 
disease. In developing countries the losses are quite high. In India about 30-40 % 
losses have been reported. Alternaria triticina (Prabhu and Prasad, 1967) leaf blight 
resulted in 60% losses in some fields of wheat on the Indian subcontinent, from where 
it originates and has spread throughout the world. 
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During last decade multilocational surveys for determining incidence of foliar 
blights of wheat have been conducted in eastern Uttar Pradesh, Bihar, Haryana, 
Punjab, Delhi, Gujarat and Rajasthan (Goel et al.,1999; Singh et al.,2004; Saharan et 
al.,2008). In view of the growing concern about foliar blight of wheat, it was 
considered desirable to study the incidence of the disease and the causal organisms in 
five districts of Agra region, where wheat is main food crop. 
 In another finding it was found that various fungal organisms associated with 
wheat, members of Alternaria complex not only reduces germination and vigor of 
wheat seed but also causes seedling blight disease in Argentina (Perelló, 2010a, b; 
Perelló et al., 1996, 2005, 2008; Perelló & Sisterna, 2006, 2008). 
Seed-borne diseases of wheat like loose smut (Ustilago tritici), head blight or 
scab (Fusarium spp.), Karnal bunt (Tilletia indica), common bunt (Tilletia laevis) are 
considered as the constraints in wheat cultivation that affect crop yield and grain 
quality (Mitra, 1931; Agarwal et al., 2008; Kumar et al., 2008). 
They are responsible for both pre and post-emergence death of grains, affect 
seedling vigour, and thus cause some reduction in germination and also variation in 
plant morphology (Van Du et al., 2001; Rajput et al., 2005; Niaz and Dawar, 2009). 
Infected seeds may fail to germinate, produce abnormal seedlings and have 
low germination or low seedling vigour affecting grain yield and quality (Bishaw et 
al., 2013). If infested grain is used as seed, it would not only reduce crop yield but 
also it would be a source of disease inoculum (Clear and Patrick, 1993). 
Seed-borne fungi including genera of Ustilago and Tilletia, has been 
convincingly reported as the most frequent seed-borne fungi of wheat throughout the 
world (Hashmi and Ghaffar, 2006; Rehman et al., 2011). The ear heads emerging 
from infected seeds get partially or wholly converted into black powdery mass. 
Among the cultivated plants subjected to serious smut diseases, the cereals are 
the most common. In India, loose smut and flag smut are the important diseases 
attacking wheat crop. Loose smut is distributed throughout the country but appears to 
be more in North than in the South. 
The first written account of the cereal smuts comes from Theophrastus (384-
332 BC).The first record of occurrence of U. tritici in India is from Punjab. A 
specimen in HCIO (Herbarium Cryptogramae Indiae Orientalis) No. 7675 collected 
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on 3rd April, 1897 is apparently the first record in the country. The incidence of the 
disease was quite high in traditional Indian wheat before the semi-dwarf era started. 
The average yield of maize in India is lower in comparison with that of the 
world though its production area is increasing day by day. There are many causes of 
low maize yield of which diseases play a significant role. Moreover, seed-borne 
diseases cause enormous losses both in field as well as in the storage. A total of 112 
diseases are known to occur in maize crops (USDA, 1996) and among them, more 
than 70 are seed-borne. Important seed-borne diseases of maize are leaf spot, leaf 
blight, Collar rot, kernel rot, scutellum rot, seedling blight, anthracnose and head smut 
(Richardson, 1990). 
Others include Anthracnose stalk rot, charcoal stalk rot, Penicillium ear rots, 
Aspergillus ear rots, Fusarium and Gibberella ear rots, charcoal ear rot, Nigrospora 
ear rot, gray ear rot, common smut, Botryodiplodia or black kernel rot, Downy 
mildews, Horse's tooth, Acremonium zeae stalk rot, and Alternaria leaf blight 
(CIMMYT, 2004). However, Anthracnose rots, Black bundle, Black kernel rot, 
Brown stripe downy mildew, Crazy top downy mildew, Fusarium stalk, ear and root 
rot, Horse's tooth, Java downy mildew, Nigrospora ear rot, Penicillium ear rot, 
Philippine downy mildew, and Sorghum downy mildew are seed-borne and seed 
transmitted (McGee, 1988). 
Reports indicate that maize is prone to fungal infection during the pre and post 
harvest period (Hussein and Brasel, 2001, Abaraca et al,. 2001).In storage, the 
development of fungi, especially Aspergillus, Fusarium and Penicillium spp., is an 
unresolved problem in the tropical climate, which promotes fungal growth (CAST, 
1989). 
Pests and diseases are also some of the problems that characterize maize 
production in the world. According to Neergaard (1979), Drechslera turcica, northern 
leaf blight, caused considerable losses in 1970 in maize amounting to approximately 
one billion dollars loss in maize-growing areas of United States. In Africa Diplodia 
spp. and Fusarium spp. caused losses of more than 10 per cent in Lesotho and 
Rhodesia, and less than 10 per cent in Tanzania.  
Seed-borne diseases caused by fungi in maize include Fusarium and 
Gibberella stalk rots, head smut, false head smut, black bundle disease and late wilt 
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(McGee, 1988). As many as 490 seed-borne diseases are known to attack 759 
different crop plants in Bangladesh of which at least 200 are of major concern (Fakir 
et al., 1991).  
Maize kernels are susceptible to infection by a multitude of phytopathogenic fungal 
genera that include Aspergillus, Fusarium, Alternaria, Acremonium, Lasiodiplodia, 
Penicillium and Bipolaris spp. (Nayaka et al., 2009; White, 1999). 
Greater quantities of aflatoxin and fumonisin are frequently detected in Indian 
maize samples which exceed regulatory limits of 0.02– 4000 mg/kg prescribed by the 
Indian Government and U.S. Food and Drug Administration (Senyuva et al, 2010; 
Vasanthi & Bhat, 1998; Venkataramana et al., 2014). 
Maize is the most cultivated cereal in the world, with 875 million tons 
produced in 2012 and a worldwide consumption of more than 116 million tons (FAO 
2012). Maize ranks highest in net energy content and lowest in protein and fiber 
content relative to other cereals (FAO 2012). The plant is utilized mainly for human 
and animal livestock feed, but is also used for non-food products and for generation of 
bioenergy, for example in agricultural biogas production (Schittenhelm et al 2008). 
Corn kernels become colonized with A. flavus early after silking (Payne, 1992). 
Among these, species of Aspergillus and Fusarium have potential to produce 
aflatoxins and fumonisins, respectively, which are harmful for human and animal 
health (Bluhm & Woloshuk, 2005; Niranjana et al, 2009; Mudili et al., 2014; Nayaka 
et al., 2011; Reddy et al., 2010). 
Maize kernels are susceptible to infection by the opportunistic pathogen 
Aspergillus flavus. Infection results in reduction of grain quality and contamination of 
kernels with the highly carcinogenic mycotoxin, aflatoxin.The fungus Aspergillus 
flavus causes Aspergillus ear rot, one of the most important diseases in corn. The 
fungus produces a mycotoxin known as aflatoxin inside the diseased corn seeds. 
Aspergillus ear rot is commonly observed during hot, dry years on stressed plants. 
Disease reduces grain quality and contaminates the kernel with the carcino- genic 
mycotoxin aflatoxin (Scheidegger and Payne, 2003; Payne and Yu, 2010; Dolezal et 
al., 2013; Hruska et al., 2013; Kew, 2013). These aflatoxins are carcinogenic, 
secondary metabolites produced by certain strains of Aspergillus flavus Link ex Fries 
and A. parasiticus Speare (Bennett and Klich, 2003). 
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Anthracnose caused by the fungus Colletotrichum graminicola (Ces.) Wilson 
is the most important disease of maize (Zea mays) in Brazil (Cota et al., 2012) as well 
as in other parts of the world (Perkins and Hooker, 1979; Pupipat and Mehta, 1969 
Warren et al., 1973; Leonard, 1974). 
Colletotrichum graminicola also causes leaf blight and seedling blight of 
maize, and it has been suggested that the pathogen gets into unwounded stalks via 
infected leaves or seedling roots (Bergstrom and Nicholson 1999). 
The genus Colletotrichum has been included in plant pathogens of major 
importance, causing diseases of a wide variety of woody and herbaceous plants. The 
genus was recently voted the eighth most important group of plant pathogenic fungi in 
the world, based on perceived scientific and economic importance (Dean et al. 2012). 
Anthracnose disease symptoms include limited, often sunken necrotic lesions on 
leaves, stems, flowers and fruit, as well as crown and stem rots, seedling blight etc. 
(Agrios 2005).  
Seed-borne pathogens are responsible for causing various diseases in plant 
morphology and reduce the seed quality and adversely affect the nutrient food and 
medicinal value of the grain. So seed mycoflora should be examine carefully and 
should be cured before it can cause damage to seed. It is clear that seed health testing 
and pre treatment of seeds is a good measure to enhance the productivity of crops 
including important crops like wheat and maize.   
Management and Control strategies of Seed-borne Diseases  
To set up a healthy field that will give a good yield, healthy seeds are needed 
because seed-borne pathogens bring about poor germination, poor vigour, poor crop 
establishment and crop stands, non-healthy plants, lodging and poor yield (Wiese, 
1984).  
The fungi which are exclusively seed-borne can be controlled only through the 
treatment of seeds. Almost all control methods are aimed at protecting plants from 
becoming diseased rather than at curing them after they have become diseased and 
seed treatment is one of the methods. Seed treatment is the safest and the cheapest 
way to control the seed-borne fungal diseases and is used to prevent biodeterioration 
of grains (Bagga and Sharma, 2006). 
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Management of diseases is an integrated effort of many diseases control 
measures. Most popular method in case of seed-borne diseases is by the use of seed 
treatment practices. Seed treatment is the oldest practice in plant protection.  
Various approaches have been used over many decades to control wheat and 
maize diseases. These include breeding for resistance, chemical treatment including 
seed treatment and biological control measures. The limits of these approaches have 
prompted the need of other alternatives method to control the diseases of wheat and 
maize. 
Types of Seed Treatments  
Seed treatments can be classified as physical, biological, chemical and 
botanical. Evidently, there is a need to increase the yield and improve the health and 
seed quality of the crop by controlling seed-borne fungal pathogens. Efforts made 
include breeding for disease resistant varieties, the use of chemicals in reducing seed-
borne pathogens and the use of biological control agents to reduce plant pathogens. 
Chemical methods involving seed treatment with fungicides have been employed to 
protect the seed and seedling, to improve germination, vigour, crop establishment, 
crop stand, and yield. However, indiscriminate use of chemicals for controlling plant 
diseases has resulted in environmental pollution and health hazards (Chapman and 
Harris, 1981). Moreover, haphazard use of chemicals breaks down the natural 
ecological balance by killing beneficial soil microbes (Neergaard, 1988). In some 
cases farmers in developing countries cannot afford high cost of chemical pesticides. 
Chemical method (Use of Fungicides)  
A survey in 1991 of seed treatment product segments throughout the world 
showed that fungicides dominated the market with a 68% share, followed by 
insecticides at 11% (Schwinn, 1994). Some of the common chemicals used for seed 
treatment in the world include dithiocarbamates, mancozeb, maneb fludioxonil, 
shavit, prothioconazole, picoxstrobin, and fluoxastrobin (Morton and Staub, 2008). 
Efficacy of different fungicides was tested for the control of seed-borne fungi 
associated with wheat (Khanzada et al., 2002). 
The primary active ingredients that have come into common use include, 
carbithiins for control of rusts, smuts, carboxin which is particularly effective against 
loose smut; benzimidazoles for control of Leptosphearia maculans in crucifers; 
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metalaxyl, which is effective against Phycomycetes such as Phytophthora and downy 
mildews; and ethirimol and triademenol for control of the powdery mildews. Other 
systemic chemical that has potential for using as seed treatment includes iprodone and 
imazilil (McGee, 1995). Even though effective and efficient control of seed-borne 
fungi can be achieved by the use synthetic chemical fungicides, the same cannot be 
applied to grains for reasons of pesticide toxicity (Harris et al., 2001). 
In the present days, the use of chemicals is an established effective quick seed 
treatment practice. But the use of fungicides is hazardous and costly. The change in 
the landscape of fungicide seed treatment chemicals can be attributed to the need to 
replace older chemicals because of environmental concerns and the discovery of 
systemic compounds that provided new opportunities to control foliar and systemic 
pathogens by seed treatment (McGee, 1995). Sowing of seeds treated with fungicides, 
in general, results in accumulation of harmful fungicidal residues in soil as well in the 
plant products causing serious health hazards. Moreover, indiscriminate use of 
chemicals breaks down the natural ecological balance by killing the beneficial and/or 
antagonistic soil microbes. For this reason, chemical seed treatment now days, is 
discouraged. Biological control of plant diseases has been attracting considerable 
interest in the recent years. 
Exploration of microbes and plant products in crop protection appears to be 
one of the safer and long lasting methods of crop disease management programs to 
overcome the toxic effects of synthetic chemicals. Seeds are usually treated with 
chemicals to prevent their decay after planting by controlling pathogens carried on 
them, present inside the seed or existing in the soil where they will be planted. To 
achieve these objectives the most common biologically based control measures 
include use of resistance plant varieties, use of pathogen free seeds or propagating 
stocks and use of eco-friendly products to control the pathogen. This requires 
persistent search for new and safer pesticides accompanied by wide use of pest 
control methods, which are eco-friendly safe and effective (Mohana et al. 2011). 
Botanical Extracts with Fungicidal Properties  
Botanicals and other natural products have been used as substitute of chemical 
fungicide. Considerable research activity has occurred in the Asian-Pacific region on 
the potential of plant extracts to control seed-borne fungi. The oils of cassia and clove 
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inhibited the growth of established seed-borne infections of Aspergillus flavus, 
Curvularia pallescens and Chaetomium indicum in maize (Chatterjee, 1990). Seeds of 
the Neem tree (Azadirachta indica) contain Azadirachtin which is believed to have 
antifungal properties. Aqueous extracts of Azadirachta indica seeds, garlic bulbs, 
ginger rhizomes and basil leaves were used to control Alternaria padwickii in rice 
seeds (Shetty et al., 1989), while extracts from peppermint and garlic reduced rice 
seed infection by Cochliobolus miyabeanus (Alice and Rao, 1986). Garlic bulb extract 
inhibited the spore germination and mycelial growth of seed-borne fungal pathogens 
of jute, including Macrophomina phaseolina, Botryodiplodia theobromae and 
Colletotrichum corchori (Ahmed and Shultana, 1984). Homeopathic drugs, Filix mas 
and Blatta orientalis, completely suppressed the population of Fusarium oxysporum 
in the seed mycoflora of wheat (Rake et al., 1989). Soybean oil used to suppress grain 
dust, reduced storage fungi growth in maize and soybeans during 12 months in field 
storage bins in Iowa (McGee et al., 1989, White and Toman, 1994). Somda et al., 
(2007) controlled Fusarium moniliforme and other seed-borne pathogens of sorghum 
with lemongrass extract. Extracts of many higher plants have been reported to exhibit 
antifungal properties under laboratory trails (Mohana et al. 2008). 
Emphasis has been given towards the development of safer methods of disease 
control which has resulted in the development of botanical fungicides for the control 
of seed-borne pathogens of food crops. Botanical fungicides that are effective have 
little or no adverse effect on the environment. 
Now days the control of diseases in many crops with the use of fungi like 
Trichoderma Spp. and bacteria like Bacillus subtilis and Pseudomonas fluorescens is 
gaining importance in IPM system due to hazardous effect of chemicals for the safe 
and sound ecosystem. The biocontrol agents have now become an important part of 
plant disease management. 
Biological Control Agents  
In plant pathology, the term biological control agent applies to the use of 
microbial antagonists to suppress diseases (Pal and McSpadden, 2006). Biological 
control of plant disease, in general, has a history of inconsistency that has greatly 
restricted its practical application (Harman and Nelson, 1994). Public concerns over 
chemical pesticides in the past 20 years have stimulated scientific interest in bio-
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control agents (Cook, 1993). Significant advances have been made, because attention 
has been paid to the mechanisms of control, particularly in the soil environment 
(Cook, 1993; Harman and Nelson, 1994). 
Schroth and Hancock (1981) described increase yield in several crops with 
Pseudomonas seed treatment. They suggested that it results from displacement of 
root-infecting fungi and bacteria that, in total, reduce plant growth. There are 
numerous reports of potentially valuable biological control microorganisms, some of 
which are supplied as seed treatments, but the developmental process to bring these 
into commercial practice is a long process (Cook, 1993). Till 1994 only six 
microorganisms were commercially available, one of which, Bacillus subtilis, 
marketed as the seed treatment, Kodiak, by Gustafson Inc. Dallas, Texas (Rhodes and 
Powell, 1994). Cook (1993) points out, that development of biological control agents 
is hindered by the expectation that it will function across a broad range of 
environments as most successful chemical pesticides do, when, in fact, the ecological 
niche in which a biological control agent can function may be relatively narrow. 
The different micro-organisms inhabited in the rhizosphere under natural 
conditions are the favorites for biocontrol phenomena. These organisms provide the 
frontline defense against pathogens. Among the various micro-organisms 
Trichoderma harzianum, Trichoderma viride, Pseudomonas fluorescens and Bacillus 
subtilis have attracted considerable attention for their usefulness in biological control 
programs. 
Beneficial microbes with antagonistic properties have been investigated and utilized 
widely to manage several phytopathogens in an eco-friendly manner (Batson et al., 
2000; Divakara et al., 2014; Kerry, 2000; Nayaka et al., 2009). 
Also, these beneficial microbes suppressed the growth and virulence of both 
seed-borne and soil-borne pathogens (Haas & Defago, 2005; Jisha & Alagawadi, 
1996; Morgan & Connolly, 2013). 
Use of microbial inoculants along with organic amendments seems to be a 
better alternative to achieve the objectives of management of fungal disease and 
consequently the improvement of plant growth, which at present would be practically 
demanding in view of the greater awareness of healthy and eco-friendly environment. 
Introduction  
 
15 
 
But despite the limited success achieved so far, biological control holds more promise 
than any other strategy of disease management. 
Effect of seed-borne infection on Biochemical parameters of wheat and maize 
seeds 
It is well known fact that wheat and maize grains are important for their 
carbohydrate and protein content, they are found to be most affected by several 
species of fungal genera. Deterioration in stored grain is manifested by decrease in 
germination, processing quality, sick or germ damaged grain, heating and mustiness. 
Therefore, deterioration affect germination, nutritional contents, trade and grading of 
seeds which results economic loss to the growers and health hazards to consumers.  
Biochemical changes leading to wheat grains deterioration, generally take 
place when the grains moisture level is favorable for the growth of storage moulds. 
Colonization of storage fungi lead to a decrease in Carbohydrates, Protein, Fats & 
Fiber content in most cases (Ghosh et al., 1986). Infection of fungi reduce all the bio-
chemical components in the seeds including protein, carbohydrates and fat. The 
fungal infection resulted in the decrease of the chemical components of the seeds and 
consequently reduces its nutritive value and can reduce the antioxidant property of the 
whole grain. Along with some of the biotic limitations, these protein and starch rich 
cereal crops are also highly susceptible to various pests and diseases and a number of 
storage grain molds cause considerable losses (Subramanian, 2000). 
It has long been noted that seed-borne fungal pathogens are responsible for 
reducing seed quality, protein and carbohydrate contents, reduction or elimination of 
germination capacity as well as seedling damage, which results in the reduction of 
crop yield (Mushtaq and Hashmi, 2005; Fakhrunnisa et al., 2006). 
The seeds were also assessed for their nutritional value when freshly harvested 
and during storage conditions. Proteins, total and reducing sugar contents decreased 
gradually with increase in the RH values (Lokesh and Hiremath, 1993). An increase 
in the moisture content brings a reduction in the fat and decrease in the available 
carbohydrates. Similarly, the energy content showed a significant (p<0.05) decrease 
in all the grains (Kungu et al., 2003). Aspergillus flavus decrease lipids and 
carbohydrate contents of wheat, soybean and faba-bean seeds. 
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Changes in the protein, reducing and non-reducing sugars were observed in cowpea 
seeds infected with either A.nidulants and A. tereus (Maheshwari and Mathur, 1987). 
Chemical composition (protein, lipid, carbohydrate, crude fibre) of sesame and 
soybean seeds were influenced by A. flavus growth (Farag, 1990). Invasion of seeds 
by some pathogens may result in biochemical deterioration and change in quality of 
seed nutrient as infected in soybean seed with A. flavus (Agrwal and Sinclair, 1993). 
There are some indications that the infection process is dependent on the 
nutritional status of the inoculums (Garg et al., 2010). Indeed, previous studies 
suggested that the presence of nutrients is essential for hyphal development, 
penetration and for subsequent establishment of a successful invasion of a susceptible 
host by the pathogen (Tariq and Jeffries, 1984, Tariq and Jeffries, 1986, Garg et al., 
2010), a decreased rate of plant photosynthesis (Kocal et al., 2008) and as a 
consequence plant death or yield loss (Berger et al., 2007). 
While the regulation of plant defense responses has been extensively 
investigated, the effects of pathogen infection on primary metabolism, including 
photosynthesis, are however less known. Currently, interest in this research area is 
growing and some aspects of photosynthesis and source–sink regulation in different 
types of plant–pathogen interactions has been investigated. Berger et al., 2007 have 
reviewed how plant physiology meets phyto-pathology.  
The reduction of these bio-chemical components in the infected legume seed 
may be due to the utilization of these components by the fungi in its growth (Azize 
and Mahrous 2004). 
Qualitative and quantitative yield of seeds and expansion of the cultivability of 
required crops can only be achieved when there is an adequate and balanced supply of 
nutrients in plants. Integrated Nutrient Management (INM) is one such approach 
which seeks to increase the agricultural production and safeguard the environment, 
together, for future generations. It is a strategy that incorporates both organic and 
inorganic plant nutrients to attain higher crop productivity and prevent soil 
degradation, thus help meeting the consumption expectations in future. 
Deterioration of soil, seed and crop health, and its productivity due to 
phytopathogens especially the seed-borne, and the increasing environmental pollution 
due to continuous usage of chemical fertilizers, have resulted in serious concerns for 
Introduction  
 
17 
 
sustenance in agriculture with an emphasis on ecofriendly inputs in the renewed 
interests on integrated plant nutrient supply systems.  Conceptually, the latent, yet 
fundamental basis of the integrated plant nutrient supply systems is the maintenance 
of soil fertility, sustaining agricultural productivity, improving farmer’s profitability 
through appropriate and efficient usage of pesticides, fertilizers, organic manures and 
bio-fertilizers to the widest stretch of possibility. 
Realizing the importance of the crops in the area and losses caused by associated 
fungi with the seeds, a detailed and thorough progressive seed health testing methods 
to safeguard the seeds and crops were carried out during these studies. The purpose of 
this research work is therefore to contribute towards the above mentioned goal with 
systematic research having the following objectives: 
Ø Survey to ascertain the incidence of seed-borne diseases of wheat and maize in 
various growing fields of Aligarh district. 
Ø To determine pathogen profile associated with seeds of wheat and maize. 
Ø Standardization of different seed health testing methods to know their efficacy 
for the quick and accurate diagnosis of seed-borne fungal pathogens. 
Ø To determine the nature of damage caused by seed-borne mycoflora on seed 
quality parameters of wheat and maize while the infection transmit from seed 
to plant. 
Ø To determine the pathogenic nature of certain fungi on naturally and 
artificially inoculated seeds, pathogenicity tests were conducted in laboratory 
and in pot conditions. 
Ø In vitro antagonistic activity of fungicides, botanicals and micro-organisms 
against seed borne fungi of wheat and maize. 
Ø To manage seed-borne pathogenic fungi by the use of fungal antagonists, plant 
extracts and different fungicides in -vitro and in-vivo studies. 
Ø Evaluation of various components of seed-borne infection management like 
seed dressing chemicals, priming agents, botanicals, biocontrol agents and 
improved storage methods for overcoming seed-borne infections of wheat and 
maize. 
Ø Application of Integrated Disease Management (IDM) strategies by employing 
effective components from the present studies and to determine the efficacy of  
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various treatments on wheat and maize seedling emergence, plant growth and 
biochemical parameters. 
Ø To study the biochemical changes in seeds and plants of maize and wheat 
crops during the introduction of pathogen infection in seeds and plants and its 
management through botanical, fungicides and biocontrol agents in an eco-
friendly manner. 
Chapter-2 
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REVIEW OF LITERATURE 
  A major breakthrough in increasing food grain production in India has been 
possible mainly because of the introduction of high-yielding cultivars of cereal crops. 
Intensive efforts are being made to breed high-yielding cultivars of crops and to 
exploit full yield potential. These cultivars are susceptible to one or more diseases and 
many of these disease causing agents are fungal pathogens but many of them are seed-
borne which causes diseases of economic importance and seed infection play an 
important role in disease epidemiology. The realization of the importance of seed-
borne diseases can be dated back to pre-historic era but the earliest reference of the 
association of the cause of plant disease with seed is found in the work of Remnat as 
early as 1637 and of Tull in 1773. Studies by Needham (1743, 1745) with Anguina 
tritici on wheat and Tillet (1755) with Tilletia species on wheat were probably among 
the earliest records which gave a factual basis to the growing suspicions of farmers 
that some disease agent is carried by seeds. Since then a large number of fungi, 
bacteria, viruses and about nematodes have been found associated with seeds 
(Richardson, 1979). Neergaard (1940) who served as the chairman of International 
Seed Testing Association (ISTA) from 1956-1974 and who is considered as the father 
of seed pathology made an extensive survey on seed pathology.  
 Seed pathology makes a comprehensive study of the seed-borne diseases and 
pathogens. Indian seed program largely adheres to the limited generation system for 
seed multiplication, mechanism of infection, seed transmission and role of seed-borne 
inoculam in seed development. Large number of fungi and other microorganism are 
associated with different types of seeds. Seed-borne inoculum can severely endanger 
the seedlings and plant vigour. Considerable amount of work has been conducted on 
various aspects of seed health and seed pathology of agricultural crops in India and 
Abroad. But still the seed-borne diseases give a big challenge to agricultural economy 
of our country both in the fields as well in storage condition. 
Heavy losses have been observed to be caused by seed-borne pathogen in 
various crops. Seeds, rots, seedling rot that is pre and post emergence losses, disease 
at various stages of plant growth like leaf spots, stem rot, wilt, blight root rot, fruit 
rots, etc influence the crop stand and ultimate yield. 
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The first official seed testing station was established at Saxony in 1869 to 
determine purity and germination capacity of seeds (Malone and Muskett, 1964) 
although as early as 1816, Switzerland possessed a seed law which required that at 
least two man in country where clover seed was sold were to serve as inspectors for 
seed offered to sale (Porter, 1949). Seed testing developed rapidly in Europe after 
1869 and many small testing and control stations were established (Brown, 1939). 
Seed treatment has been used for centuries. About 1660, salt brine was accidentally 
discovered to be effective against the bunt of wheat. 
The seed-borne nature of pathogens provides primary inoculum during crop 
season. It is the main source of introduction and spread of pathogen in disease free 
areas.Wheat and maize are among the most of the important edible cereal crops in the 
world due to their wide adaptability. Wheat was introduced into India for cultivation 
as back as 9600 BC whereas maize dates back 2500 BCE. Wheat and maize like other 
crops suffers from many fungal diseases and most of them are seed-borne in nature. 
Accordingly, some of the relevant literature regarding occurrence of seed-borne 
pathogens in wheat and maize, seed health testing methods, mode of transmission, 
location of fungi in seed, effect of seed borne infections on seed quality parameters 
and evaluation of suitable management strategies are taken into consideration while 
reviewing the literature. The literature on brief account of seed-borne fungi of wheat 
and maize on various aspects has reviewed which is given below. 
SEED-BORNE DISEASES OF WHEAT AND MAIZE AND THEIR ECONOMIC 
SIGNIFICANCE 
 Some pathogens survive as dormant mycelium in the seeds or other 
propagative structures of host plants. Many smuts and other fungi belong to this 
category. Association of seed-borne fungi causing several seed-borne diseases in 
wheat and maize has a long history as it is reported by several workers like Remnat 
(1637) Tull (1773), Needham (1743, 1745),Tillet (1755). Thomas (1937) initiated the 
work on mycoflora of wheat. Muskett (1950) published his studies on significance of 
seed-borne fungi of wheat.Studies of Hellwig (1699) with Claviceps purpurea (Pr) 
Tul on rye.Micheli (1723) with Orbanche minor L. on beans. Frank (1883) 
demonstrated the seed-borne nature of C. lindemuthianum causing anthranose of bean. 
Morganthaler (1918) estimated the number of bacteria and fungi on wheat seeds and 
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found that they ranged from 80,000 – 25,000,000 and 4,000 – 7,200 per gram of seeds 
respectively. He claimed that healthy kernels were free from fungi and injury to the 
seed coat of some kernels was responsible for the fungal infection. 
Doyer (1930, 1938) examined commercial seed lots of flex, peas, beet, beans, 
wheat and barley.In 1938 a useful handbook was published by her which gave a list of 
crop seeds with organism carried by them, the general classification of seed-borne 
organism, methods of their detection and suggestions for their control by cleaning and 
treating the seeds. 
Neergaard (1940) made an extensive survey of seed-borne fungus flora of 
horticultural crops and published a list of a large number of plants with the organism 
that may be carried by the seeds together with information as to the frequency of seed 
infection, based largely on his own experience with seed testing in Denmark. 
Marshall (1960 a,b) worked on the incidence of seed-borne disease of cereals at 
official seed testing station, Cambridge. He examined wheat, barley, oats and rye 
from 1918 to 1957 for the presence of Tilletia caries and Claviceps purpurea. He 
observed that rye samples were more frequently contaminated with Claviceps 
purpurea than wheat and barley.Shipton and Chambers (1966) worked out the internal 
mycoflora of wheat grain in Western Australia. They isolated species of Alternaria, 
Helminthosporium sativum, Podosporiella verticillate, Septoria nodorum and 
Pithomyces chartarum from wheat. 
An up to date annotated list of seed-borne disease prepared by Noble and 
Richardson was published by Commonwealth Mycological Institute, Kew, Survey, 
England in 1968. 
Neergaard (1969) made an extensive study on seed-borne disease. According 
to him increasing crop productivity through use of high yielding cultivars and 
avoiding crop failures are the two ways of boosting food production. To avoid such 
losses five lines of approach were suggested: (1) Seed certification schemes, (2) Seed 
processing equipment, (3) Establishment of seed health testing laboratories, (4) 
Research units and training centers, (5) Establishment of an effective quarantine 
control system.  
Raychaudhari et al. (1976) made a study on present situation regarding 
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problems and achievements in seed pathology. Emphasis was given upon the need for 
resolving present inadequacies in this country’s quarantive legislation and for 
international alignment in seed health testing methods. 
Duthie et al. (1986) found that Alternaria alternata is the prevalent blackpoint 
agent on durum wheat and Drechslera sorokiniana is found associated with it (Orsi et 
al., 1994). Seed-borne nature of Drechslera (Cochliobolus) hawaiiensis, cause of leaf 
blight of wheat has been recovered at the rate of 13.62% from apparently healthy 
surface-sterilized seed and 54.25% from discoloured and shriveled seeds, even after 
sterilization for 5 min.The pathogen appears to be deep seated (Hiremath et al. 1991).  
Khanzada et al. (1987) made a study to compare the detection of seed-borne fungi 
from cereal seeds. They found agar and blotter technique in general were effective for 
the election of fungal species Alternaria, Curvularia, Helminthosporium and 
Fusarium, but agar plate method was better for the study of deep seated fungi such as 
Fusarium spp. Mycelial infection of loose smut of wheat (Ustilago tritici) was 
detected by embryo count method and washing test was used for separating the spores 
adhering to the seed surface such as Tilletia spp. Dry examination successfully 
detected kernel discolouration, malformation, spore masses and fungal structures and 
inert material. 
Kunwar (1989) studied on mycoflora associated with stored wheat and its 
milling fraction in India. He worked on the fungi associated with stored wheat grains 
(38 samples) and their willing fractions (52 samples). He isolated these samples from 
several locations in India. Samples were screened by dilution plate method and 
incubated at 10, 25, 37, and 55oC Aspergillus, Penicillium, other imperfect fungi and 
smucorales were found in 83, 62 and 50% of the samples respectively. Some 
frequently occurring species were  Aspergillus flavus, A. fumigatus, A. candidus, A. 
versicolor, Penicillium urticae, P. islandicum, P. cyclopium. Cladosporium 
herbarum, Curvularia lunata, Alternaria alternata, Mucur lausannensis, Absidia 
lichtheimi, Rhizopus arrhizus and Syncephalastrum racemosum. 
Ahmed et al. (1994) studied the mycoflora associated with developing wheat 
grain, using the black point susceptible wheat cv. Kanchan. Four samples were 
collected from the soft dough to grain ripening stage at 7-d intervals and blotter 
method was used to detect the fungi. More than 11 spp. of different genera were 
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isolated. The most common in the order of importance were Cladosporium 
cladosporioides, Epicoccum purpurascens (E. nigrum) Alternaria tenuis, Fusarium 
spp. According to him the population of C. cladosporioides and Fusarium spp. 
decreased and those of other fungi gradually increased with the increase of the grain 
age. 
Adebanjo et al. (1994) worked out on the effect of harvest season on the 
incidence of seed-borne mycoflora. He found fifteen fungal species associated with 
seeds of three cultivars of Amarantus cruentus L. He also noted a seasonal variability 
in the frequency of isolation, distribution and quantity of seed-borne fungi and also 
studied the effect of wetness, high temperature and air humidity that accompanied 
harvest at the first and second seasons greatly. As a result he recorded least infection 
and mean percentage seed infection in NHA100 while NHAc30 and NHAc33 carried 
highest percentage of inoculum of this pathogen. He isolated Choanephora 
cucurbitarum, Rhizoctonia solani and Pythium aphanidermatum which were highly 
pathogenic on seedlings of NHAc33 and NHAc30. 
Nirenberg et al., (1994) reported seed mycoflora of wheat which include 
Alternaria alternata, Drechslera sorokiniana, Fusarium moniliforme, F.nivale, 
F.poae, F.proliferatum, Microdochium nivale, and Cladosporium herbarum. 
Assemat et al. (1995) investigated Fusarium diseases on wheat in 1991 and 
1992. He examined the fungi responsible for head blight disease and identified it by 
culturing on artificial media (PDA, Tanaka and Mathur). He isolated 1593 fungi and 
the frequency of the occurrence of each species established and important annual, 
regional and crop varietals differences were identified. He also found that the climatic 
conditions at flowering stage influenced, Fusarium spp. incidence. 
Rocque et al. (1996) evaluated the epidemiology of Puccinia recondita and P. 
striiformis on wheat and discussed about the objective criteria for assessment and 
various aspects of chemical control based on the result of field trials. 
Uddin et al. (1996) at West Bengal conducted an experiment for two 
consecutive crop season and Aerobiological investigation were carried out over wheat 
fields. During harvesting stage he noted that there was a more or less uniform spore 
count up to the maximum vegetative growth state and from flowering onwards. A 
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gradual increase in total CFUs was observed with the peak (331 CFUs) during the 
harvesting stage. He also isolated some dominant species like Cladosporium, and 
some frequent non-pathogenic fungi like Penicillium, Curvularia, Aspergillus etc. As 
a result the phylloplane studies revealed that Cladosporium was the most dominant 
flora contributing 40-60% up to February and in winter gradually disappeared from 
the leaf surface. 
Ykema et al. (1996) at United states observed the symptoms of Karnal bunt 
(Tilletia indica) on a single durum wheat Karnal on an Arizona – grown wheat seed 
sample by using morphometric analysis and polymerase chain reaction and confirmed 
the presence of Tilletia indica. He reported this disease first time in USA. 
Sinha et al. (1996) at New Delhi and Haryana conducted an experiment on 
wheat variety Sonalika for the control of loose smut caused by Ustilago nuda in 
consecutive rabi season during 1989-92. He treated seeds with tebuconazole at 0.2, 
0.25 and 0.3% during 1989-90 and at 0.1, 0.125 and 0.15% during subsequent year 
and observed that tebuconazole at all the concentration tested was more effective than 
the recommended fungicide, carboxid and carbendazim to control the smut by seed 
treatments. 
Lonnet (1997) reviewed the development of disease resistance varieties of 
wheat. Zoltanska (1997) at Poland detected Rhizoctonia spp. on winter wheat 
including R. cerealis and R. solani and also discussed the control methods.  
Nameth (1998) explained all the priorities in seed pathology. Seed pathology as a sub-
discipline of plant pathology, is a technology for more ecofriendly seed treatment and 
more reliable seed health testing. For the detection of seed-borne pathogens, 
sophisticated DNA amplification technique was used. In new millennium seed 
pathology will be fundamental in guaranteeing seed health quality. 
Chuprina et al. (1998) at Russia made a study on fungal disease and yield 
losses on winter wheat and summarized the result of resistance trials with wheat 
cultivars under natural infection and artificial inoculation. Nayar et al. (1998) at 
Shimla made a study on wheat rust (Puccinia spp) in India and explained the life 
cycle, spread, identification, variability and its control. Ahuja et al. (1998) reported 
Karnal bunt disease on wheat and its distribution. The taxonomy, morphology, 
   Review of literature 
25 
 
biology, culture and control were also discussed. 
Bhutta et al. (1999) at Pakistan performed an experiment on seed-borne 
pathogens of wheat samples collected from eight major wheat growing areas and 
studied for their health status and isolated some fungi like Alternaria triticina, 
Biopolaris sorokiniana. Fusarium graminearum. F. moniliforme etc, among these B. 
sorokiniana appeared to be the major fungi found in all the localities. 
Morrison (1999) made a statistical study on seed-borne pathogen and crop loss 
assessment or Pest management in seed health testing. According to him seed health 
tests utilize qualitative data based in the presence or absence of the pathogen in the 
test sample, with the lot being rejected if the pathogen is detected in the sample and 
accepted if the sample is negative, seed health tests are usually performed on a sample 
of a seed lot. Seed lot size is generally, not a constraint when the distribution of 
contaminated/infected seed in the lot is relatively homogeneous, if the distribution is 
heterogeneous, increased sampling intensity is required. The probability of detection 
at a given damage threshold is greater as sample size increases, and this probability 
can be determined by statistical methods. 
Menzies et al. (1999) made a study to determine if inoculation of wheat spikes 
with Ustilago tritici at different stages of spike development using the partial-
vaccuum method affected the number of viable seed per spike and subsequent 
percentage of smutted plants grown from inoculated seed.In his experiment four lines 
of wheat were inoculated at three different stages of spike development in the field 
each year for 5 years. The stages of spike development studied were preanthesis, mid-
anthesis (anthers at either end of the spike were dehisced while those in the middle of 
the spike were yellow), and post-anthesis (ail anthers dehisced).They observed that 
there were significant differences among the four wheat lines and the 5 years of the 
study for the number of viable seed per spike and the percent of smutted plants and 
inoculation at post-anthesis resulted in a significantly greater number of viable seed 
per spike and lower percentage of smutted plants. They conclude that the partial-
vaccuum method of inoculation with Ustiiago tritici should be done at the pre- or 
mid-anthesis stage of wheat head development to minimize the negative effect of 
maturity on infection efficiency. 
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Pandey et al. (2000) carried out an experiment on seed-borne transmission of 
fungi in discoloured seeds of hybrid rice. He detected many fungi like Alternaria 
padwickii, Cochliobolus miyabeanus etc from seed coat and endosperm. He observed 
the maximum seedling mortality in seeds with discolouration on both endosperm plus 
embryo regions. 
Riaz et al. (2002) made a study on seed-borne mycoflora of groundnut worked out 
their frequency and impact on seed germination. 
Argyris et al. (2003) performed an experiment to study the Fusarium 
graminearum and its effect on seed quality. He also observed infection during wheat 
seed development and the production of the mycotoxin deoxynivalene. 
Deoxynivalenol was present at significant levels (5 to 25 mg kg-1) throughout seed 
development and maturation in all cultivars. 
Loiveke et al. (2004) conducted an experiment to study the micro fungi in 
grain and grain feeds and their potential toxicity on spring and winter wheat. The total 
number of fungi was estimated on wort agar or on the nutrient substratum of Czapek. 
Spring wheat of the years 1992, 1993, 1994 and winter wheat of the years 1992, 2002 
and 2003 and spoilt grain feeds of the years 1997-2000 were investigated. The 
toxicity of fungi isolated from grain, on the basis of the growth inhibition zone of B. 
stearothermophilus, was 0-7 mm, whereas on fungi isolated from spoilt feeds it was 
0-18 mm. The most toxic fungi were Penicillium cyclopium, penicillium spp., 
Trichothecium roseum, Aspergillus terresus, Paecilomyces varioti, Rhizopus 
nigricans, and Acremonium spp. 
Enikuomehin et al. (2005) made a study at Nigeria on seed abnormalities and 
associated mycoflora of rainfed wheat. In his experiment the health of wheat seeds 
produced under rain-fed conditions was investigated.There were more abnormal (1.0 
– 79.7%) than normal (10.7 – 28.7%) seeds. Forms of seed abnormality observed 
include wrinkled seeds (64.2 – 79.7%), entirely discoloured seeds (1.0 – 12.5%), 
seeds with discoloured embryo (germ) (1.2 – 1.5%) and brush (0.25 – 1.25%) ends. 
Fusarium graminearum and Helminthosporium sativum were associated with all 
seeds, but at higher levels in abnormal (F. graminearum, 0.5 – 78.5%; H. sativum, 2.5 
– 86.0%) than normal seeds (F. graminearum, 2.25%; H. sativum, 0.75%). Viability 
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of abnormal seeds was 1.50 – 32.0% which is much lower than the 88.0% 
germination of normal seeds. 
Rodrigues et al. (2005) performed an experiment on seeds of cowpea for the 
identification and pathogenic characterization of endophytic Fusarium species. They 
differentiated species according to the morphology of macroconidia, microconidia and 
their arrangements in chains or false heads and the size and type of conidiophore. 
They isolated some species of Fusarium like Fusarium semitectum, F. equiseti, F. 
oxysporum, F. solani etc. Among the species, Fusarium semitectum was the most 
frequently detected fungus. 
Shah et al. (2005) at Italy carried out a study on regional and varietal 
differences in the risk of wheat seed infection by fungal species associated with 
Fusarium head blight in Italy. The species recovered were Fusarium graminearum, F. 
poae and Microdochium nivale. In their study they also investigated that incidence of 
seed infection by different species of Fusarium was twice to four times higher in 
durum compared with the soft wheat cultivars. According to him there were no 
significant differences in terms of seed infection incidence between the two soft wheat 
cultivars, but the durum cultivars differed in their levels of seed infection for some of 
the pathogens. 
Rajput et al. (2005) at Sindh made a study on seed-borne fungi of wheat and 
their effect on seed germination by using standard blotter method. They isolated five 
seed-borne fungi viz. Alternaria tenuis, Aspergillus niger, Fusarium moniliforme, 
Curvularia lunata and Stemphylium herhurum from 12 wheat varieties and also 
observed maximum seed germination, maximum root and shoot length of seedlings in 
Anmol variety and minimum in Pak-76. 
Fakhrunnisa et al. (2006) made a study on seed-borne mycoflora of wheat, 
sorghum, and barley with the help of Standard Blotter method and Deep Freezing 
methods. They used 19 samples of wheat, 27 samples of sorghum and 14 samples of 
barley. The most frequently occuring fungi isolated were. Absidia species, Alternaria 
alternata, Aspergillus species, A. candidus, Cladosporium herbarum, Curvularia 
lunata etc. This is the first report of Chaetomium globosum and D. hawaiiensis on 
wheat. Deep freezing method showed better results for isolation of Alternaria 
alternata, Cladosporium herbarum, Drechslera spp. and Fusraium species. 
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Khetarpal (2006) gave an exclusive idea on plant pathology research and its 
development in plant disease. These include developing and deploying of wheat 
varieties resistant to specific races of rust pathogens in different focal areas.  
Integrated pest management modules have been developed which resulted in 
lowering the quantum of pesticide requirement. However we continue to suffer from 
annual crop losses due to biotic stresses and weeds. There is a resurgence of certain 
important disease such as foliar blight in wheat, sheath blight in rice, maize, bract 
mosaic in banana etc. The plant pathologists of ICAR and SAUs thus have a crucial 
role to play for managing the pests and disease through technology, development and 
extension programmes. This calls for reprioritization of our national research efforts. 
A gap analysis of our research programmes reveals that major areas need special 
attention in the coming years.  
Pakdaman et al. (2006) conducted an experiment on germinating seeds and 
tissue of wheat in relation to Fusarium head blight resistance to study the effect of 
Fusarium graminearum phytotoxins. Twenty six spring lines of bread wheat 
(Triticum aestivum L.) were studied from the view point of their tolerance to 
phytotoxins of Fusarium head blight caused by Fusarium graminearum. The 
correlation between their tolerance to phytotoxin extract and field resistance were also 
studied by using semi-purified phytotoxins on growing coleoptiles segments. He 
noted that there was a great variability among different wheat lines regarding their 
tolerance to semi-purified phytotoxins but the results showed that there were no 
correlation between tolerance of semi-purified phytotoxins and disease index and 
disease incidence. 
Gohari et al. (2007) at Iran conducted an experiment on mycoflora of wheat 
grains in main production area. According to him wheat grains are often contaminated 
with many kinds of fungi before or after harvesting, which are transferred to soils. 
During his study mycoflora of stored grains were investigated with the moist chamber 
method and agar test method. After mycelial growth or sporulation they isolated fungi 
like Alternaria alternata, Ulocladium alternariae, Aspergillus flavus, A. niger etc. 
 Malaker et al. (2008) made a study to determine the prevalence of black point 
and percentage of germination, moisture content and different fungi associated with 
wheat seeds during storage in different types of container viz., ‘dole’ (bamboo made) 
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earthen pitcher, tin container, polyethylene bag and refrigerator (10oC) for ten months 
at room temperature. Seeds of a widely cultivated variety kanchan were stored in 
containers. Samples were taken at monthly interval beginning from the month of 
April. The seed moisture content and black point severity were found highest in dole 
resulting in the lowest percentage of seed germination. The highest germination 
percentage was observed under storage in refrigerator followed by polyethylene bag, 
tin container and earthen pitcher, various fungal flora associated with wheat seeds 
differed in their prevalence depending on the length of storage period and types of 
container used for storage.  The population of field fungi viz., Alternaria alternata, A. 
triticina, Bipolaris sorokiniana, Curvularia lunata and Fusarium spp. decreased while 
that of storage fungi viz., Aspergillus, Chaetomium, Nigrospora, Penicillium and 
Rhizopus increased with the progress of storage period. 
Singh et al. (2012) carried out an experiment to determine the effect of foliar 
blights of wheat including the leaf blight and blotches which are caused by Alternaria 
and Helminthosporium species respectively. Results revealed that Helminthosporium 
sativum (Syn. Bipolaris sorokiniana) was the most predominant pathogen of wheat 
followed by Alternaria triticina in 5 districts viz. Agra, Mathura, Firozabad, Mainpuri 
and Etah of Agra region in monitoring of foliar blights of wheat. They observed that 
the average incidence of Bipolaris sorokiniana and Alternaria triticina at maturity of 
the crop was 62% and 43% respectively but Alternaria alternata showed average 
incidence of 14.4% in the month of April. 
Kaur et al. (2014) conducted an experiment on Loose smut of wheat, caused 
by Ustilago segetum tritici. In this experiment they collected thirty-five isolates of U. 
segetum tritici from cultivars grown at various locations in five states of northwestern 
India from 2008–2011. And they found that the isolates represented 6 races, 
representing 43% of the 35 isolates, with race T34 being the most common. Two new 
races, T59 and T60, were identified. Two individual isolates collected from Triticum 
aestivum representing 2 different races, T1 and T57, originated from geographically 
diverse regions. Race T1 is from Mansa (210 m above mean sea level) and T57 from 
Palampur (1220 m above mean sea level). 
Khudhair et al. (2014) made a study on Alternaria leaf blight caused by 
Alternaria triticina and it was first time for this pathogen to be recorded in Iraq. 
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According to his investigations this disease included 25 locations from 12 sites in 5 
provinces that plant wheat and barley in the south and middle of Iraq. The results 
revealed that the fungus was isolated from almost all examined locations with 
different frequency and the highest isolation frequency in wheat fields was at Sheikh 
Saad and Ali Alsharqi with 100%, followed by Ali Algharbie with 90% and the 
lowest was at Al- Kut and Al-Huria with 37.5 and 40%, respectively. 
Seed-borne fungi of Maize 
Maize has been cultivated for several thousand years. This view is supported 
by evidence from archaeological excavation in new Mexico which exhumed maize 
grain and part of maize ears from caves and rock shelters as old as 4,500 years 
(Berger, 1962). Maize (Zea mays L) is the most important cereal and it belongs to the 
family Poaceae. Early maize is harvested in June/July while the maize sown in 
Fadama is harvested in dry season. (Gibbon and Pain, 1985).About 90% of all food 
crops grown on earth are propagated by seed and among such are maize, rice, 
sorghum, wheat, soya been, common bean, and groundnut. All these are susceptible to 
many seed-borne fungal pathogens (Neergard,1983). Seed-borne pathogens are 
mostly fungi and bacteria borne on the seed. Seed-borne fungi are responsible for 
deterioration in food reserve in the seed (Neergard, 1977). Transfer of fungal 
inoculums in a two way process. They can be carried from the field in to the store 
houses and from the farmers store to the fields. 
The three fungi isolated from the grains of maize collected from farmers were 
storage fungi of maize (Christensen and Kaufmann, 1969). Enough evidences are 
there to show that during storage the grain could be deteriorated by fungi (Adeoti and 
Marley, 1995). 
Kumar et al., (1998) made a study on seed-borne fungi associated with 
discoloured maize seeds. The location of seed-borne fungi in different parts of 
discoloured maize seeds was determined by seed component plating and microtomy. 
Seed-borne inoculum of Bipolaris maydis [Cochliobolus heterostrophus] (responsible 
for black and white streaks), Botryodiplodia theobromae (responsible for black 
pointed dots), Curvularia lunata [Cochliobolus lunatus] (responsible for dark black 
streaks) and Fusarium moniliforme [Gibberella fujikuroi] (responsible for white 
streaks) were detected in all components (tip cap, pericarp, embryo and endosperm) of 
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maize seeds, whereas Curvularia pallescens [Cochliobolus pallescens] and Bipolaris 
carbonum were detected in the tip cap and pericarp; and tip cap, pericarp and 
endosperm regions, respectively. 
Owolade et al., (2001) made a study and screened on three seed samples of 
maize showing different forms of discolouration and abnormalities associated with 
fungi. He isolated Fusarium moniliforme and Aspergillus flavus from all the 
categories of seed tested. He examined that the percentage incidence of F. 
moniliforme was significantly higher on seeds which showed white streaks, purple/ 
pink discolouration, discoloured germ end and wrinkling than that of any other 
fungus. He also observed that Cephalosporium acremonium and Nigrospora oryzae 
associated with purple/pink discolouration while Dreschslera maydis, Fusarium 
semitectum, Curvuluaria lunata and Colletotrichum graminicola on seed with brown 
spots. Botryodiplodia theobromae was more predominant on blackened seeds. He 
found Cephalosporium acremonium, B. theobromae, D. maydis in addition to F. 
moniliforme were mainly associated with seeds showing discoloured germ ends while 
wrinkled seeds were observed to harbour F. moniliforme, D. maydis and C. 
graminicola. 
Basak et al., (2002) reported seed-borne fungi of some maize cultivars/lines 
grown during the months from May to September of 2001, using blotter method. He 
isolated all six fungi namely Alternaria alternata, Aspergillus niger, Fusarium 
moniliforme, Fusarium sp., Penicillium spp. and Ustilago zeae associated with maize 
seeds. Prevalence of seed-borne fungi also varied. The highest percentages of seed-
borne fungi were recorded with Fusarium moniliforme and the lowest in Penicillium 
spp. Transmission of all seed-borne pathogens from seeds to seedlings were also 
detected by test tube seedling symptom test. Among the seed-borne fungi, Alternaria 
alternata, Fusarium moniliforme and Fusarium spp. produced distinct seed rot and 
seedling infection symptoms. He found that all the transmitted seed-borne fungi might 
be caused primary source of infection to the maize crop. 
Broggi et al., (2007) carried out a mycological study on sorghum grain, maize, 
rice, soyabean seeds and stored wheat and isolated more species belonging to genera 
Alternaria, Aspergillus, Fusarium, Penicillium and other fungi. Results indicated that 
Alternaria alternata was the major fungal species isolated from sorghum, rice, and 
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soybean seed on freshly harvested wheat. 
Niaz et al., (2009) performed an experiment to detect the seed-borne 
mycoflora of maize was tested by using blotter, agar plate and deep freezing methods 
as recommended by ISTA on  100 samples collected from different places.A total 
number of 56 species belonging to 23 genera of fungi isolated and identified. Of the 
three methods used, agar plate method yielded the highest number of fungi as 
compared to blotter and deep freezing methods in which deep freezing method was 
the best for the detection of Drechslera spp., Fusarium spp., and Penicillium spp., 
while agar plate method was suitable for the detection of Aspergillus spp., 
Cladosporium spp., Curvularia spp., and Rhizopus spp. Out of 56 species, 22 species 
viz., Arthrinium phaeospermum, Aspergillus foetidus, A. tubingensis, Curvularia 
clavata, C. intermedia, C. pallescens, Bipolaris maydis, Drechslera 
carbosonum,Diplodia zea, Fusarium crockwellense, F. cladosporium, F. culmorum, 
F. graminearum, F. nivale, F. proliferatum, Penicillium citrinum, P. funiculosum, 
Phoma herbarum, Rhizopus oligosporum, Rhizoctonia solani, Syncephalastrum 
racemosum and Trichoderma harzianum are new reports on maize seeds. However, 
the same fungal species have been reported on maize seeds from various countries of 
the world such as USA, Thailand, India, Canada, Australia, France, Nepal, United 
Kindgdom, Western Romania and Hungary. 
Utobo et al., (2011) made a study on seed borne fungi associated with eight 
hybrid (H) and three local check (LC) rice varieties and their effects on grain 
germination and seedling vigour were studied during the 2007 and 2008 harvesting 
seasons. A total of 9 fungal genera were isolated and identified from the seed samples 
collected from four rice fields located at Nwaezenyi-Izzi, Enyigba-Abakaliki, Ishieke-
Ebonyi and Amagu-Ikwo within Abakaliki agricultural area of Southeastern Nigeria. 
He isolated most frequently fungi was Trichoconis padwickii (37.14% H, 36.41% 
LC), followed by Helminthosporium oryzae (17.14% H; 16.85% LC), Fusarium 
moniliforme (14.29% H; 14.13% LC), for hybrid and local check rice varieties 
respectively. He found that the highest and lowest frequencies of fungal occurrence 
were observed on grains of long ridge (24.00%) and CP (4.57%) for hybrid and IR-8 
(58.15%) and Kpurukpuru (15.76%) for local check rice varieties respectively. 
Percentage of germination and seedling vigour were found significant (p<0.05) from 
hybrid to local check rice varieties. Maximum number of germinated seed at 5 
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(57.15%), 9 (68.30%) and 14 (70.30%) days after sowing (DAS) were recorded from 
seed samples of hybrid rice varieties and minimum number of germinated seeds at 5 
(31.10%), 9 (51.20%) and 14 (55.72%) were observed from that of local check rice 
varieties. Results indicated that hybrid rice showed higher vigour in terms of 
germination (82.74%), root length (10.25 cm), root weight (0.21g), shoot length (6.27 
cm), root weight (0.48 g) and vigor index (1161.36) when compared to local check 
rice varieties. 
Yago et al., (2011) at Korea reported the seed-borne mycoflora of sorghum 
and foxtail millet collected from different growing areas  were isolated and 
taxonomically identified using dry inspection, standard blotter and the agar plate 
method. He investigated the in vitro and in vivo germination rates of disinfected and 
non-disinfected seeds of sorghum and foxtail millet using sterilized and unsterilized 
soil. The percent recovery of seed-borne mycoflora from the seed components of 
sorghum and foxtail millet seeds was determined and an infection experiment using 
the dominant species was evaluated for seedling emergence and mortality. He 
observed that higher number of seed-borne fungi in sorghum compared to that of 
foxtail millet and eighteen fungal genera with 34 fungal species were identified from 
the seeds of sorghum and 13 genera with 22 species were identified from the seeds of 
foxtail millet. Five dominant species such as Alternaria alternata, Aspergillus flavus, 
Curvularia lunata, Fusarium moniliforme and Phoma sp. were recorded as seed-borne 
mycoflora in sorghum and 4 dominant species (Alternaria alternata, Aspergillus 
flavus, Curvularia lunata, Fusarium moniliforme) were observed in foxtail millet. The 
in vitro and in vivogermination rates were higher using disinfected seeds and sterilized 
soil. More seed-borne fungi were recovered from the pericarp compared to the 
endosperm and seed embryo. The percent recovery of seed-borne fungi ranged from 
2.22% to 60.0%, and Alternaria alternata, Curvularia lunata and 4 species of 
Fusarium were isolated from the endosperm and embryo of sorghum and foxtail 
millet. Results indicated that all the transmitted seed-borne fungi might well be a 
primary source of infection of sorghum and foxtail millet crops. 
Levic et al. (2012) at Serbia made a study on seed-borne fungi of some 
cereals. He isolated a total of 41 species of fungi from seed samples of barley, maize, 
soybean, and sunflower. The majority of detected species occurred on barley (35 of 
41 species or 87.8%) comparing to soybean (17 of 41 species or 41.5%), sunflower 
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(16 of 41 species or 39.0%) and maize (15 of 41 species or 36.9%). Species belonging 
to genera Alternaria, Chaetomium, Epicoccum, Fusarium, Penicillium and Rhizopus 
were present on seeds of all four plant species. According to him Alternaria species 
were dominant on soybean, barley and sunflower seeds (85.7%, 84.7% and 76.9%). F. 
verticillioides and Penicillium spp. were mainly isolated from maize seeds (100 and 
92.3% respectively), while other species were isolated up to 38.5% (Chaetomium spp. 
and Rhizopus spp.). F. graminearum, F. proliferatum, F. poae and F. sporotrichioides 
were the most common Fusarium species isolated from barley (51.1-93.3%), while on 
the soybean seeds F. oxysporum (71.4%), F. semitectum (57.1%) and F. 
sporotrichioides (57.1%) were prevalent. Frequency of Fusarium species on 
sunflower seeds varied from 7% (F. equiseti, F. graminearum, F. proliferatum and F. 
subglutinans) to 15.4% (F. verticillioides). Statistically significant negative 
correlation (r = –0.678*) was determined for the incidence of F. graminearum and 
Alternaria spp., as well as, Fusarium spp. and Alternaria spp. (r = –0.614*), on barley 
seeds. The results revealed that seed-borne pathogens were present in most seed 
samples of important cereals and industrial crops grown under different 
agroecological conditions in Serbia. Some of the identified fungi are potential 
producers of mycotoxins, thus their presence is important in terms of reduced food 
safety for humans and animals. 
EFFECT OF INOCULUM DENSITY, PATHOGENICITY AND TRANSMISSION STUDIES  
Pathogenicity is the ability of an organism to enter a host and cause disease. 
The degree of pathogenicity, that is, the comparative ability to cause disease, is 
known as virulence. The terms pathogenic and nonpathogenic refer to the relative 
virulence of the organism and its ability to cause disease under certain conditions. 
This ability depends not only upon the properties of the organism but also upon the 
ability of the host to defend itself (its immunity) and prevent injury. The concept of 
pathogenicity and virulence has no meaning without reference to a specific host. 
Grewal et al. (1974) first time reported Fusarium solani as one of the cause for Gram 
wilt. He proved the pathogenicity of Fusarium solani by inoculating the pots 
containing healthy plants with infested sand maize meal media. Inoculated plants 
were killed within three weeks. Reisolation from such infested plants yielded F. 
solani which resembled the original inoculated culture. 
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Westerlund et al. (1973) reported 37 isolates of Fusarium solani and the five 
isolates of F. oxysporum were found to be pathogenic to chickpea in green house 
inoculation trials. Smiley et al. (1996) performed an experiment on winter wheat 
plants and soil were collected from 288 nonirrigated fields in the semiarid Pacific 
Northwest during 1993 and 1994. He isolated and identified fungi associated with 
5,390 crown and subcrown internodes from 10 Oregon and 9 Washington countries. 
He observed that Fusarium graminearum was most wide stpread and the dominant 
pathogen associated with a crown and root rot named Fusarium foot rot or dryland 
root rot. F. culmorum was widely distributed in soil but was detected in plants in only 
half as many locations as F. graminearum. Results indicated that all five species and 
F. acuminatum and F. oxysporum included isolates capable of killing wheat seedlings 
in the greenhouse. 
Volkova (1997) made a study on biological properties of Puccinia striiformis and its 
tolerance of Bayleton fungicide in climatic chamber. The acquisition of tolerance was 
accompanied by changes in P. striiformis. Pathogenicity decreases in sporulating 
ability and speed of mycelial diffuse development in host plant cells, increase in the 
incubation period and the period of pustule formation. As a result an inverse 
correlation was found between the properties of tolerance and virulence. 
Elwakil et al. (2001) at Egypt made an  investigation to check the  
pathogenicity and transmission of seed- borne fungi on peanut and also study the 
nature of  isolated fungi and their effect on peanut plants and elucidate the 
transmission of some pathogen fungi from seed to mature plant using seed health 
testing methods. Twenty- seven fungal species were isolated and identified. He 
isolated a larger number of seed-borne fungi by blotter method than deep freezing 
method. He found that the deep freezing method was more effective for the isolation 
of Aspergillus nidulans, A.versicolor and A.carneus, while the blotter method was 
more effective for the isolation of Alternaria alternata, Mucor spp., Chaetomium spp. 
and Stemphylium spp. Isolation of Cephalosporium spp. was first record of the fungus 
on peanut seeds in Egypt. In his experiments pathogenicity tests showed that 
Sclerotium bataticola had a significant effect on seed emergence, followed by 
Fusarium solani, in seed inoculation experiment. Rhizoctonia solani showed a high 
significant effect, followed by Sclerotium bataticola, in soil infestation treatments of 
Giza 4 and Giza 5 cultivars. Results revealed that transmission of Fusarium solani, 
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F.oxysporum, F.moniliforme, Cephalosporium spp. and Verticllium spp. from seed to 
mature plant of peanut showed that their translocation gradually decreased from the 
terminal part of the root towards the upper portions of the plants. 
Basak et al. (2002) made a study at Korea on seed-borne fungi of some maize 
cultivars/lines grown during the months from May to September of 2001, collected 
from Dongguk University farm, Go Young City, were detected by blotter method. He 
found all six fungi namely Alternaria alternata (Fr.) Keissler, Aspergillus niger Van 
Tiegh, Fusarium moniliforme Sheldon, Fusarium spp., Penicillium spp. and Ustilago 
zeae Unger associated with maize seeds. Prevalence of seed-borne fungi also varied. 
The highest percentages of seed-borne fungi were recorded with Fusarium 
moniliforme and the lowest in Penicillium spp. Transmission of all seed-borne 
pathogens from seeds to seedlings were also detected by test tube seedling symptom 
test. Among the seed-borne fungi, Alternaria alternata, Fusarium moniliforme and 
Fusarium spp. produced distinct seed rot and seedling infection symptoms. All the 
transmitted seed-borne fungi might be caused primary source of infection to the maize 
crop. 
Serghat et al. (2005) worked on the pathogenic fungi that infect rice also infect 
a range of other plants. The mycoflora on a number of these plants in Morocco was 
studied.Wheat is often grown in rotation with rice, and common oat is an adventitious 
specie common in wheat fields. Echinochloa phyllopogon and Phragmites australis 
are two weeds adapted to rice fields. In this experiment, fungi found in these plants 
were of two types, 1. True rice pathogens: Pyricularia grisea, Helminthosporium 
oryzae, H. sativum, H. australiensis, H. spiciferum and Curvularia lunata and 2. 
Saprophytes that cause rice discoloration: Trichoderma harzianum, Alternaria 
alternata, Nigrospora oryzae, Epicoccum nigrum, Fusarium moniliforme, 
Cladosporium herbarum and Trichothecium roseum. In this study it is found that the 
pathogenic fungi P.grisea, H. oryzae and H. sativum isolated from wheat and oat, 
Echinochloa phyllopogon and Phragmites australis were strongly pathogenic when 
inoculated on rice. 
Smileyet al. (2005) conducted an experiment on crown rot of wheat caused by 
a complex including Bipolaris sorokiniana, Fusarium avenaceum, F. culmorium, F. 
pseudograminecarum and Microdochium. They also examined pathogenicity under 
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greenhouse conditions for 178 isolates of the five species and under field conditions 
for 24 isolates of B. sorokiniana, F. culmorum and F. pseudograminarum. Disease 
severity was inversely correlated with plant height for the three Fusarium species. In 
one or more of four experiments with spring wheat in the field, all three species 
reduced stand establishment and density of mature heads and increased the incidence 
and severity of crown rot. F. culmorum and F. pseudograminearum caused the 
greatest disease severity and plant damage and were the only pathogens that reduced 
grain yield. 
Nahar et al. (2006) conducted an experiment to check the pathogenicity of 6 
Fusarium spp. viz., F. anthophilum, F. moniliforme, F. proliferatum, and 
F.subglutinans and F. chlamydosporum and F. sporotrichioides on sunflower plants. 
He observed highest wilting in plants inoculated by F. chlamydosporum and F. 
subglutinans whereas highest seedling rot was observed by F.sporotrichioides. In 
transmission studies, F. anthophilum and F. subglutinans were found to beinternally 
seed-borne pathogens of sunflower. 
Hudec (2007) performed an experiment on pathogenicity of fungi associated 
with wheat and barley seedling emergence and fungicide efficacy of seed treatment. 
Study focused on the influence of Cochliobolus sativus isolates origin on 
pathogenicity towards wheat and barley seedlings in comparison with pathogenicity 
of Fusarium species and Microdochium nivale. He estimated the efficacy of fungicide 
seed treatment against C. sativus, isolates were collected from different locations and 
were isolated from wheat, barley and sunflower seeds. The pathogenicity of C. 
sativus, Fusarium species and M. nivale towards germinating seedlings were 
expressed as germination (GA) retardation and coleoptile growth rate retardation 
(CGR) of wheat, the CGR was significantly influenced by the isolate origin. The 
pathogenicity of tested fungal species declined in the order F. culmorum, F. 
graminearum. C. sativus etc. for both barley and wheat. The results highlighted high 
pathogenicity potential of C. sativus equal to that of F. avenaceum and M. nivale. 
Vaillancourt and Venard (2007) made a study on anthracnose stalk-rot of 
maize caused by fungus Colletotrichum graminicola. It infects its host primarily 
through wounds in the stalks that are caused by insects. However it can also cause 
stalk-rot disease without wounding. Studies have suggested that direct invasion 
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through the highly lignified rind tissues is not a viable means of entry. A cytological 
approach was used to investigate the ability of C. graminicola to penetrate and 
colonize intact maize stalks. They observe that the pathogen had a significant capacity 
for direct penetration, but this mechanism of infection was much slower and less 
efficient than penetration through wounds and in another study they found that the 
closely related fungus C. sublineolum, which is not normally a pathogen of maize, 
was also capable of infecting intact maize stalks, although to a lesser degree than C. 
graminicola. They suggested that interesting possibility that non host resistance to C. 
sublineolum is conditional and perhaps also tissue-specific. 
Rafiyuddin et al. (2008) worked on interaction of Penicillium puberulum and 
spermosphere fungi of wheat. He investigated its impact on penitrem by paired plate 
and they also found Alternaria alternata, Curvularia pallesecus and Drechslera 
rostrata were responsible for total inhibition for penitrem of production. 
Jyothi et al. (2008) made a study on temperature specificity of linear mycelial growth 
and fructification of Volvariella and Pleurotus on wheat grain during spawn culture. 
For Volvariella 35oC and for Pleurotus 25oC are required for maximum fructification 
is advised to adopt the growing season pattern and cultivation technique.  
Iftikhar et al. (2008) reported that Bipolaris sorokiniana (Cochliobolus 
sativus), a seed and soil borne pathogen causing leaf blight or spot blotch of wheat 
worldwide. He identified the pathogen as predominant leaf spot causing fungus in 
wheat growing areas during 2004 – 2006.In this experiment a lab based technique had 
been standardized to study the pathogenic nature of the pathogen, its variability/ 
aggressiveness and preliminary screening of cultivars/ germplasm before going to 
explore the sources of resistance under natural conditions. The purpose of this study 
was to adopt a time and cost effective methodology which can be referred as in vitro 
technique. This may be used for pathogenicity test, to check the pathogen variability/ 
aggressiveness of the pathogen and preliminary screening of varieties/germplasm 
against the pathogen. These methods include pot and test tube experiments by 
application of inoculum and seed in soil simultaneously, by dipping roots in spore 
suspension before planting in soil, by foliage spray with spore suspension, seed 
coating with spore suspension before planting in test tube with cotton swab method. 
Results indicated that out of these five procedures the test tube with cotton swab 
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method has been found the most appropriate and effective for the study of 
B.sorokiniana. 
Somda et al. (2008) made a study on seed-borne infection of maize (Zea mays 
L.) by fungal pathogens, using 22 seed samples of maize collected from different 
locations in Burkina Faso and the moist blotter test was used to detect fungi on seeds. 
He also performed an experiment on seedlings raised from naturally infected maize 
seed samples in order to evaluate the transmission of fungi from seeds to seedlings. 
He recorded ten pathogenic fungi on seeds viz. Acremonium strictum (infection 
ranging from 2 - 96%), Bipolaris maydis (1 - 30%), Botryodiplodia theobromae (1 - 
17%), Colletotrichum graminicola (2 - 8%), Curvularia spp. (1 - 39%), Exserohilum 
rostratum (1 - 13%), Fusarium moniliforme (38 - 99%), F. equiseti (1 - 15%), F. 
pallidoroseum (1 - 23%) and Phoma spp. (2 -50%). Aspergillus flavus (1 - 99%), A. 
niger (1 - 99%), Cladosporium spp. (1 - 93%), Penicillium spp. (12 - 100%) and 
Rhizopus spp. (1 - 51%). It showed that rates of seedling infection by fungal 
pathogens were low and seed samples with 30% infection by B. maydis, 8% infection 
by C. graminicola and 26% infection by Phoma spp. resulted in 2, 2 and 16% leaf 
infections, respectively. 
Hasanzade et al. (2008) carried out the in vitro pathogenicity test to prove the 
pathogenicity of Fusarium solani f. spp. pisi by growing surface sterilized seed in 
pots containing sterilized sand and then inoculating the roots of seedling with 
inoculum. The isolates proved pathogenic on susceptible chickpea cultivar Jam under 
artificial inoculation. Characteristic symptom such as nonvascular yellowing, black, 
collar, yellowing of lower leaves and root rot were observed. 
Terefe et al. (2009) conducted a survey to determine the occurrence and 
pathogenicity of Puccinia triticina Eriks, the cause of wheat leaf rust which was 
widely observed in the wheat growing areas. A low incidence of leaf rust was 
detected at Cedara. Leaf rust widely occurred within trap nurseries but it was 
observed only occasionally in farmers’ fields. Five pathotypes were identified from 
the total of 80 leaf rust samples collected. The most frequently detected pathotype was 
35A133 (76.8%) which was found in samples from all the localities followed by 
pathotype 35A126 (11.01%). The virulence patterns of pathotypes detected in 2007 
was similar to those observed in previous seasons and new pathotypes were not 
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observed. 
Imathia et al. (2010) performed an experiments to investigate the potential 
pathogenicity under the experimental conditions employed on oat. F. langsethiae and 
F. poae failed to produce seedling blight disease indicating that these two species are 
not pathogenic to oat and wheat cultivars.  
Bhandari et al. (2010)   made a study to revel reveal the interactive 
relationships existing between spot blotch causing fungus Bipolaris sorokiniana and 
selected pathogenic fungi subsisting on wheat foliages. In this experiment four fungal 
pathogens of wheat were selected, and the intensity and severity of the selected 
pathogenic fungi on wheat leaves were assessed. Pure cultures of the fungi were 
produced by isolating them from the spot blotch infected and blighted wheat leaves. 
Separate in vitro dual culture studies in completely randomized design with five 
replications were carried out to assess the interactions between each pair of B. 
sorokiniana and selected rival pathogens of wheat foliages. The observation revealed 
that, viability test of the mycelium at the interface zone and pathogenicity test of the 
isolates were carried out. B. sorokiniana strongly inhibited the colony growth of 
Cercospora spp. and Phoma spp. under in vitro conditions. Similarly, there was not 
any effect on colony growth of either B. sorokiniana or Bipolaris spp. due to dual 
culture with each other. The dual culture of B. sorokiniana and Alternaria triticina 
results in the suppression of colony growth of both fungi. There were no significant 
differences in percent growth inhibition between the first and the secondweek of dual 
culture in some of the tested fungi. 
Neupane et al. (2010) conducted a study to determine the survival and 
potential sources of C. sativus inoculum from rice stubble, wheat seed, soil and weeds 
in three cropping systems (wheat-rice, wheat-fallow and wheat-green manure) during 
the 2004 and 2005 wheat growing seasons. The pathogen was found in the wheat seed 
at moderate to high levels, but was absent in soil samples and rice stubble collected 
from the field before wheat was sown after rice. They isolated the C. sativus strains 
from some weeds infected wheat by producing typical spot blotch symptoms. They 
concluded that the weeds prevalent in different cropping sequences and on adjacent 
uncultivated land can serve as secondary hosts for C. sativus. This study presents 
important new information that could assist in better understanding of spot blotch 
   Review of literature 
41 
 
epidemiology and in developing integrated management strategies for spot blotch of 
wheat in the warmer growing regions of South Asia. 
Mamgain et al. (2013) reviewed on fungal genus Alternaria belongs to the 
member of Deuteromycetes and is well known for its notoriously destructive plant 
pathogen members.Majority of the members of Alternaria lack sexuality altogether, 
although few species have been found to have sexual stage in their life cycles. Several 
types of genes ranging from protein encoding genes to those involved in signal 
transduction cascades are found to be responsible for the pathogenesis. Production of 
host-specific toxins (HSTs) is found to be an affirming factor of pathogenesis. Most 
fungal host-specific toxins are metabolites although toxic substances including 
despipeptides and fucicoccin-like compounds. Genes encoding the biosynthesis of 
these HSTs are often contained on mostly conditionally dispensable chromosomes. 
The necrotrophic nature of Alternaria species typically leads to extensive damage of 
the plant and harvest product, with seedlings seldom surviving an attack. They 
suggested that for controlling the diseases, numbers of new chemicals are evaluated 
along with various biological control agents including bacteria, actinomycetes and 
fungi. Some plants and plant products are also found to be useful in controlling 
Alternaria infection. 
Ramadan et al. (2014) conducted the pathogenicity test to study the effect of 
pathogen on pre and post emergence damping off and survival damping off of 
seedling by inoculation of soil. He isolated fungal genera such as Alternaria, 
Aureobasidium, Cladosporium, Drechslera, Penicillium, Rhizoctonia etc.from barley 
seeds according to ISTA technique  using agar plate method. Alternaria isolated at 
highest occurrence percentage while the Stemphylium isolated at the lowest incidence 
percentage. In this experiment it concluded that, control significantly increases pre-
emergence damping off seedlings after 10 days of sowing of seed and the ICARDA 
cultivar significantly affected which increased the post damping off of seedling as 
compared with the other cultivars. 
Raza et al. (2014) made a study on Biplolaris sorokiniana (Cochliobolus 
sativus) which causes spot blotch of wheat, a severe pathogen of foliar disease and 
also causes significant losses. It is confirmed that the pathogen from foliar samples of 
wheat field are enough for identification of the fungus associated with symptoms on 
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foliage these can be characterized on the basis of colony colour, texture and conidial 
morphology. 
MANAGEMENT STRATEGIES FOR SEED-BORNE DISEASE OF WHEAT AND 
MAIZE 
Several seed dressing chemicals, botanicals and bioagents have been tested for 
overcoming seed-borne infections in Wheat and Maize by several workers and the 
same is being reviewed here under. 
In vitro screening of plant extracts against pathogenic fungi 
The aqueous and ethanolic extracts of Melia azedarach were studied as 
potential antifungal agents for Fusarium oxysporum, Fusarium solani and S. 
sclerotiorum. Ethanolic extract was highly effective on all test fungi with inhibitory 
concentrations ranging from 0.5 to 25 mg/ml (Carpinella et al. 2003). The fungicidal 
properties of extracts from Azadirachta indica, Datura stramonium, Ocimum 
sanctum, Melia azedarach and Cuscuta reflexa against Colletotrichum capsici were 
studied in vitro (Sinha et al. 2004). The radial growth of C. capsici was lowest (30.9 
mm) with O. sanctum as compared to control (71.4 mm). 
Devi (2005) studied aqueous extracts of 10 plants (Melia azedarach, 
Eupatorium odoratum, E. adenophorum, Cannabis sativa, Ranunculus muricatus, 
Ocimum sanctum, Lantana camara, Vitex negundo, Camellia sinensis and Datura 
stramonium) against F. solani f.spp. pisi, F. oxysporum f.spp. pisi, R. solani, S. 
sclerotiorum and Phoma medicaginis var. pinodella, R. muricatus completely 
inhibited the growth of R. solani, S. sclerotiorum and P. medicaginis while E. 
adenophorum caused 72.2 per cent inhibition of F. solani and F. oxysporum. 
Rodriguez et al. (2005) investigated the antifungal efficacy of leaf pulp of 
Aloe vera against R. solani, F. oxysporum and Colletotrichum coccodes isolated from 
pepper and observed 8.1, 2.7 and 4.3 cm of inhibition zones, respectively. Yadav et 
al. (2005) found that 20 per cent extract of Datura stramonium gave 44.8 % growth 
inhibition of R. solani. 
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Dar et al. (2007) investigated the inhibitory effect of the extracts of Allium 
sativum, Datura stramonium, Mentha arvensis and Thuja orientalis at 25-50 % 
concentration on S. sclerotiorum by poisoned food technique. 
Bhattarai and Shrestha (2009) revealed that the aqueous and ethanolic extracts of 
Eupatorium adenophorum (50 and 10% concentration) were found highly effective 
against F. oxysporum, F. moniliforme and Aspergillus niger. 
Zang et al. (2009) studied the antifungal efficacy of Ocimum basilicum var. 
pilosum against Botrytis cinerea, F. oxysporum, S. sclerotiorum, F. solani and 
Phytophthora capsici and found it most inhibitory to all the pathogens. 
Shahnazdawar et al. (2010) studied the effect of Datura alba and Cynodon 
dactylon against Macrophomina phaseolina and R. solani in okra and cow pea. Both 
pathogens were completely suppressed by D. alba extract. 
Subudhi et al. (2010) demonstrated the effect of petroleum ether, methanol, 
water extracts and water distillates of Stevia rebeudiana, Ocimum sanctum and 
Murraya koenigii against Alternaria solani, Helminthosporium solani, F. solani and 
R. solani. methanol extract of S. rebeudiana showed highest activity against plant 
pathogens A. solani and H. solani. Water extract and distillate of O. sanctum and M. 
koenigii showed optimum antifungal activity against all the pathogens. 
Pawar (2011) made a study in vitro by using cup-plate method to examine the 
antifungal activity of some leaf extracts. Leaf extracts of plants were screened against 
seed-borne pathogenic fungi viz. Alternaria alternata, Aspergillus niger, Curvularia 
lunata, Fusarium moniliforme and Trichoderma viride. The extract of Azadirachta 
indica showed maximum activity; while minimum activity was observed with 
Holoptelia integrifolia against the fungi under investigation. 
Shinde et al. (2011) tested the efficacy of bark extract of Terminalia alata, T. 
arjuna, T. bellerica, T. catappa, T. chebula by making aqueous, alcoholic and ethyl 
acetate extracts against seed-borne pathogenic fungi of cereals such as Aspergillus 
flavus, Aspergillus niger, Alternaria brassicicola, Alternaria alternata and 
Helminthosporium tetramera. The antifungal activities of all these extracts were 
determined by paper disc method and found effective against these fungi.  It was 
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found that most of the plant extracts showed more inhibitory effect against fungi than 
the control fungicide. 
Bajpai et al (2012) carried out an in vitro and in vivo study to evaluate the 
antifungal efficacy of essential oil and extracts derived from the flower and leaves of 
Magnolia liliflora, against plant pathogenic fungi. They observed that the oil (750 μg 
disc-1) and solvent leaf extracts such as hexane, chloroform, ethyl acetate and 
methanol (1,500 μg disc-1) revealed promising antifungal effects against Botrytis 
cinerea KACC 40573, Colletotrichum capsici KACC 40978, Fusarium oxysporum 
KACC 41083, Fusarium solani KACC 41092, Phytophthora capsici KACC 40157, 
Rhizoctonia solani KACC 40111 and Sclerotinia sclerotiorum KACC 41065 as radial 
growth inhibition percentages of 38 to 65.6% and 7.6 to 57.3%, respectively along 
with their respective MIC and MFC values ranging from (125 to 500 and 125 to 100 
μg mL-1) and (500 to 4,000 and 500 to 8,000 μg mL-1). According to him the results 
of this study indicated that the flower oil and leaf extracts of M. liliflora could be used 
as natural alternatives to synthetic fungicides to control the in vitro and in vivo growth 
of certain important plant pathogenic fungi. 
Sangvikar (2012) tested the efficacy of root extracts of five plants against two 
seed-borne pathogenic fungi, Alternaria solani, Fusarium moniliforme. Out of these, 
only two root extracts showed strong antifungal activity. The extract of Hemidesmus 
indicus showed maximum activity while minimum activity was observed by 
Rauwolfia tetraphylla. The purpose of investigation was to search for an alternative 
approach to prevent biodeterioration of seeds in an eco-friendly way. 
Roopa et al. (2012) isolated species of Aspergillus such as A. candidus, A. 
columnaris, A. flavipes, A. flavus, A. fumigatus, A. niger, A. ochraceus, and A. tamarii 
from sorghum, maize and paddy seed samples. Aqueous extract of Acacia nilotica,  
Achras zapota, Datura stramonium, Emblica officinalis, Eucalyptus globules, 
Lawsonia inermis, Mimusops elengi, Peltophorum pterocarpum, Polyalthia 
longifolia, Prosopis juliflora, Punica granatum and Syzigium cumini were tested 
against these fungi and  have recorded significant antifungal activity. A. flavus 
recorded high susceptibility and hence solvent extracts viz., petroleum ether, benzene, 
chloroform, methanol and ethanol extracts of all the plants were tested for their 
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antifungal activity against it. In case of Polyalthia longifolia, petroleum ether extract 
recorded highly significant antifungal activity than other solvent extracts. 
Pawar (2013) performed in vitro studies using cup-plate method to examine 
the antifungal activity of fruit extracts against seed-borne pathogenic fungi viz., 
Alternaria alternata, Aspergillus niger, Curvularia lunata, Fusarium moniliforme and 
Trichoderma viride. The extract of Jatropha curcas showed maximum activity, while 
minimum activity was observed with Capsicum annuum against the fungi. These plant 
extracts can possibly be exploited in the management of seed-borne pathogenic fungi 
to prevent biodeterioration of seeds in an eco-friendly way.  
Swami et al. (2013) found that seeds of green gram are found to be heavily 
infested with variety of fungi. These associated fungi are known to deteriorate the 
seeds and seed contents. The efficacy of aqueous extracts of some plants was tested 
by using Poisoned food technique and found to be inhibitory for the growth of the test 
fungi. 
Nilima et al. (2013) tested the efficacy of different plants against fungal 
species viz., Aspergillus flavus, Aspergillus niger, Aspergillus terreus, Aspergillus 
oryzae, Aspergillus fumigatus, Fusarium verticillioides, Fusarium solani and 
Penicillium spp. using the agar disc diffusion method. The alcoholic extracts of plants 
exhibited varying degrees of inhibition activity against the above seed-borne fungi. 
Karima et al. (2015) tested the antifungal activity of five plant extracts against 
Pyrenophora teres the causal organism of net blotch of Barley both in vitro and in 
vivo. In in-vitro study he found that aqueous extracts of Anacyclus valentinus and 
Tetraclinis articulate caused highest reduction of mycelia growth of P. teres while 
extracts of Mentha pepirita and Foeniculum vulgare caused the lowest inhibition of 
the pathogen. In in-vivo experiments, found that highest reduction of diseases severity 
was achieved by the extract of Tetraclinis articulata. The same extracts were then 
tested as seed treatments against seed-borne fungi. The best control against barley 
seed mycoflora was obtained with the extract of Inulavis cosa.  
In vitro screening of antagonists against pathogenic fungi 
Singh (1998) confirmed that T. harzianum showed strong mycoparasitism and 
covered 100 %, colony growth of S. sclerotiorum. 
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Kapil (2002) reported maximum inhibition (73.3%) of S. sclerotiorum with T. 
viride in dual culture. T. harzianum and T. viride were found to decrease the root rot 
caused by R. solani in bell pepper plants upto 70.9 % (Gaikward and Nimbalkar 
2003). T. harzianum alongwith farm yard manure was most effective in reducing the 
disease incidence of S. rolfsii upto % (Parakhia and Akbarj 2004). 
Vijnan et al. (2004) evaluated T. viride and T. harzianum against nine isolates 
of Colletotrichum capsici collected from red pepper fruits. Both antagonists were 
found inhibitory to pathogen with 69-77 per cent inhibition in mycelial growth. 
Isolates of T. viride and Pseudomonas fluorescens were tested for their antagonistic 
activity against S. rolfsii, causing stem rot of groundnut. The disease was suppressed 
upto 58.0 and 70.0% , respectively by both the isolates under controlled conditions 
(Manjula et al. 2004).  
Singh et al. 2004 conducted an experiment on four antagonist against F. 
oxysporum f.spp. lycopersici under glass house conditions. They found that out of 
four antagonists (T. viride, T. harzianum, Gliocladium virens and Aspergillus 
nidulans), T. viride resulted in 86.0 per cent disease control followed by T. harzianum 
(81.0%) in case of F. oxysporum f.sp. lycopersici under glass house conditions.  
Kuchk et al. (2004) studied the interactions between Trichoderma harzianum 
strains and some soil-borne plant pathogens (Gaeumannomyces graminis var. tritici, 
Fusarium culmorum and F. moniliforme) on PDA medium. It is found that tested T. 
harzianum strains produced a metabolite that inhibited the growth of plant pathogenic 
fungi on PDA medium and when grown in liquid cultures containing laminarin, chitin 
or fungal cell walls as sole carbon sources, 2 strains of T. harzianum produced 1,3-b-
glucanase and chitinase in the medium. Higher levels of these enzymes were induced 
by T. harzianum T15. 
Kapoor (2008) made an in vitro study on the efficacy of Trichoderma spp. 
against soil-borne pathogens. Studies revealed that maximum inhibition of mycelial 
growth by T. harzianum against Rhizoctonia solani, Pythium debaryanum, Sclerotinia 
minor and Fusarium oxysporum f. spp. pisi.  and bioagent, T. viride showed 
maximum inhibition of mycelial growth of S. rolfsii. According to him wheat bran 
based formulation as soil application @ 2 g/kg soil was found the best delivery 
system followed by seed treatment with same formulation @ 2g /kg seed or talc based 
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formulation as seed treatment @ 2g/kg seed in controlling the root rot of pea and 
collar rot of tomato in pot experiments. 
Abeysinghe (2008) revealed maximum antagonistic activity of T. harzianum 
and Bacillus subtilis CA32 against R. solani and Pythium in brinjal and pepper. 
Rajkonda et al. (2011) performed dual culture experiment, which show 
antagonistic efficacy of Trichoderma spp against pathogenic fungi such as Alternaria 
alternata, Rhizoctonia solani, Aspergillus niger, Geotrichum candidum, Fusasrium 
oxysporum f.spp.spinaciae and Macrophomina phaseolina. The radial growths of 
Trichoderma spp were more effective against pathogenic fungi. Trichoderma viride 
inhibited mycelial growth of M. phaseolina, A. alternata and G. candidum in dual 
culture followed by T. harzianum and T. pseudokoningii. Of the five isolates of 
Trichoderma spp screened under in vitro conditions, T. viride was found most 
effective against pathogenic fungi. 
Mokhtar et al. (2013) made in vitro and in vivo studies to evaluate the efficacy 
of Trichoderma harzianum in controlling seed-borne diseases of wheat. In this 
experiment  T. harzianum reduced radial growth of F. graminearum, B. sorokiniana 
and Aspergillus flavus after 8 days. After seed treatment with T. harzianum, higher 
plant stand and increased grain yield was recorded over the control. 
Bisht et al. (2013) studied that plant extracts, essential oils and different strains of 
Trichoderma harzianum were evaluated in vitro against Curvularia lunata. Amongst 
the plant extracts, Lantana was highly effective followed by Morphankhi respectively.  
Among the essential oils, complete inhibition was recorded in Citronella oil and 
Peppermint oil and least inhibition was observed in Palmaroza. Whereas, among 
different strains of Trichoderma harzianum, Th-13 showed maximum mycelial 
growth inhibition followed by Th-9 and Th-3. 
Bhushan et al. (2013) studied the antagonistic activity of two bacteria Bacillus 
subtilis and Pseudomonas fluorescens against Aspergillus flavus, Aspergillus 
fumigatus, Aspergillus niger, Aspergillus terreus and Fusarium oxysporum of 
Pennisetum americanum in in vitro studies by dual culture technique and blotter test 
method and Bacillus subtilis was found to be most antagonistic to the seed-borne 
mycoflora , while the other isolate Pseudomonas fluroescens did not show any 
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antagonistic activity on any seed-borne mycoflora. They observed that maximum seed 
germination and maximum shoot and root length recorded with Aspergillus flavus and 
Bacillus subtilis combination and Bacillus subtilis antagonistic isolate was able to 
produce significant reduction in seed-borne mycoflora than Pseudomonas fluorescens 
in Pennisetum americanum in pot experiment. 
In vitro screening of fungicides against pathogenic fungi 
Panwar et al. (2013) evaluated the efficacy of fungicides and biocontrol 
against A. alternata by poisoned food technique and dual culture technique. The 
growth inhibition of the A. alternata by the fungicides Tebuconazole, Myclobutanil 
and Hexaconazole were proved to be the most effective fungicides and Carbendazim 
was found to be least effective in inhibiting the fungal growth. The antagonistic 
efficacy of biocontrol agents were assayed, and showed that maximum suppression of 
colony growth of A. alternata was observed in Trichoderma koningii and least 
inhibition was noticed in Aspergillus niger.  
Siddique et al. (2014) conducted an experiment at Microbiology Laboratory of 
Plant Pathology Department, Bangabandhu Sheikh Mujibur Rahman Agricultural 
University (BSMRAU) during 2007 to determine the virulence and variation in 
symptom development by Fusarium oxysporum f. spp. phaseoli isolates at different 
growth stages such as emergence and early vegetative stage, branching and rapid 
vegetative growth stage and early flowering stage of Bush bean, and in-vitro control 
of the pathogen with the selected fungicides. They observed that four fungicides such 
as Vitavax, Rovral, Cupravit and Aimcozim were quite effective in in vitro test 
against the isolate IS3 and out of four fungicides tested, Aimcozim at different 
concentration (50-400 ppm) was found most effective in in-vitro evaluation. 
Bashar et al (2014) conducted an experiment to observe the antagonistic 
potential of seven soil fungi viz. Aspergillus flavus, A. fumigatus, A. niger, A. terreus, 
Penicillium spp., Trichoderma harzianum and T. viride associated with the 
rhizosphere, non-rhizosphere and rhizoplane of brinjal plants. Extract of Allium 
sativum, Asparagus racemosus, Azadirachta indica, Cassia alata, Ocimum sanctum, 
Zingiber officinale and Datura metel at 5, 10 and 20% concentration were treated 
against the test fungi. Five fungicides viz., agridazim 50 wp, cozeb 80 wp, newban 50 
wp, sunvit 50 wp and vitavax 200 B were evaluated for their in vitro efficacy at 500 
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ppm concentration against F. solani and F. oxysporum. Results indicated that T. 
harzianum (can antagonistic fungi), Datura metel, and C. alata and A. indica (plant 
extract) and, Vitavax 200B (fungicide) was found to be the most efficient inhibitor of 
both the test fungi. 
Sneha and Prasad (2014) made an invitro study to check the efficacy of the 
systemic fungicide Contaf (Hexaconazole 5 EC) at different concentrations i.e., 50, 
100, 150, 200 ppm against the fungi Fusarium solani, Curvularia clavata and 
Trichoderma aureoviride. They observed that at 200 ppm concentration, all the fungi 
showed drastic growth inhibition and the maximum growth inhibition was found in 
Curvularia clavata followed by Trichoderma aureoviride and Fusarium solani. 
Khan and Javaid (2015) carried out a study to manage Collar rot disease 
caused by fungus Sclerotium rolfsii using four fungicides namely Tegula 
(tebuconazole), Thiophanate Methyl, Ridomil Gold (metalaxyl + mancozeb) and 
Mancozeb at 50, 100, 250 ppm concentrations. All the concentrations of these 
fungicides significantly decreased radial growth of S. rolfsii over control. They 
observed that there was 95% and 50% reduction in plant mortality due to Thiophanate 
methyl and Mancozeb respectively, after 30 days of sowing. 
EVALUATION OF SEED DRESSING CHEMICALS AS SEED TREATMENT ON 
PATHOGENIC FUNGI OF WHEAT AND MAIZE 
Simple seed treatment with seed dressing fungicides is known to reduce the seed-
borne infections and subsequently protect the seed from deterioration. 
Seed mycoflora in general, have been controlled by using physical, chemical 
methods and also by adopting some biological control methods (Fisher and 
Holton,1957, Neergaard, 1977.) Seed treatment with chemicals has long been used for 
controlling seed-borne diseases. Seeds are usually treated with chemicals to prevent 
their dicay after planting by controlling pathogens carried on them or existing in the 
soil where they will be planted. In seed treatments with chemicals precautions must be 
taken so that their viability is not lowered or distroyed. So some other methods such 
as biocontrol methods are also used by different scientist. Some important seed 
treatments studies are reviewed in the following pages. 
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Chohan and Jasmit (1975) reported the efficacy of Bavistin and Benlate seed 
treatment at 0.3 % in controlling pre and post-emergence death of seedlings due to 
seed-borne mycoflora of sunflower. 
Kumar and Urs (1976) reported the efficacy of mancozeb, difolatan and thiram 
in eradicating the seed-borne fungi of sunflower. 
Among 11 fungicides assayed under in vitro condition against Fusarium 
solani inciting piper betel decline, carbendazim (0.1%) was most effective followed 
by du-ter, captan and blitox (Hiremath et al. 1981). F. solani the incident of wilt 
disease in Kagzi lime was completely inhibited under in vitro condition by 
carbendazim (0.1%) ( Singh, 1988). 
Vishwakarma and Basu Chaudhary (1982) reported that seed treatment with 
Benlate was found to be the most effective fungicide in reducing infection due to F. 
solani and Rhizoctonia solani and vitavax against Sclerotium rolfsii. 
Seedling blight caused by A. helianthi, was controlled in the field by treatment 
of sunflower seeds with iprodione, benomyl, captan, chlorothalonil, mancozeb or 
triadimenol (Jeffrey et al.,1985). Prasad and Das (1986) found agrosan GN and 
ceresan wet to be the most effective fungicides in eliminating the seed-borne infection 
of Alternaria sp.in sunflower seeds. Prasad and Das (1986)) stated that brassicol 
(quintozene) at a rate of 3 g/kg of seed gave the best control in overcoming seed borne 
infection of sunflower. 
Kapoor and Kumar (1991) reported that captan was least toxigenic to F. 
oxysporumand F. solani infecting tomato compared to carbendazim. Growth and 
sporulation of F. solani causing root rot of Garden Rue was completely inhibited by 
methoxyethyl mercury chloride (100 ppm), thiram (1000 ppm) and carbendazim (50 
ppm) (Rathnamma, 1994). 
Singh and Kaiser (1995) reported that, among the eight fungicides tested under 
in vitro and in vivo conditions, bavistin was found most effective against 
M.phaseolina in maize. 
Lisker (1990) made a study on improving wheat seedling emergence by seed 
protectant fungicides. He observed that complex interaction of environmental 
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condition which weaken the seeds and lead to subsequent infection by weakly 
parasitic seed-borne or soil borne fungi is one of the cause of poor stands in wheat 
fields. He used six cultivars of wheat seeds (Bet Hashita, Bet Lehem, Dariel, Deganit, 
Lakhish and Shafir) and treated with following fungicides. Thiram, oxine copper CQ 
864, CO 1054. TCMTB a mixture of diniconazole + imazalil, terbuconazole, 
guazatine or Panoctine super 301000. He observed that the most prevalent fungi in 
wheat seeds were Alternaria spp. (95%). Rhizopus and Asperigllus were also isolated. 
He found that the seeds treatments given with the above fungicides considerably 
reduced fungal growth. He also used these fungicides to treat artificially weakened 
seeds. Seeds were weakened by immersion in hot water (45oC) for different periods of 
time until the percentage seedlings decreased to <50% in a natural clay loam soil. 
When weakened seeds, either treated or not with fungicides, were sown in sterile 
sand, seedling emergence was high (=80%) and no significant differences were 
observed among treatment. These results indicated that in some natural soils, weak 
parasitic fungi may attack weakened seeds and reduce seedling emergence. 
Fungicides can effectively protect the weakened seeds against weak parasites. 
Marley et al. (1994) at Nigeria examined the effects of seed treatment 
chemicals on seedlings emergence, establishment and control of foot and root rot 
diseases of wheat. He detected the foot and root diseases caused by Fusarium equiseti 
and Exserohium rostratum are a limiting factor in the production of irrigated wheat in 
Nigeria. Five seed treatment chemicals were tested for their ability to control these 
diseases in 1989 and 1990. He found treatment with metalaxyl + carboxin + 
furathiocarb formulation had the highest control of the diseases. In the field, this 
fungicide at 10g kg-1 seed gave complete control of these pathogens. 
Casa et al. (1995) performed an experiment to carried out the effect of seed 
treatment on corn with fungicides and investigated the emergence of seedlings in cool 
soil. Seeds with 22% incidence of Fusarium moniliforme were dressed with captan, 
captan + thiabendazole and thiabendazole + metalaxyl at 5 seeding times from Aug. 
10th to Oct. 5th. He recorded that all fungicide while taking fungicidal treatments on 
corn seeds increased the emergence and also concluded that metalaxyl has the 
potential as a seed treatment for protection of maize against soil borne fungi. 
Arshad et al. (1995) made a study on fungicides and its control on Kernal bunt 
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of wheat caused by Tilletia indica. In this experiment he used seed dressing 
fungicides, fentin (as duter @ 2g/kg seed) and Chlorothalonil (as Daconil @ 2g/kg 
seed) and spray fungicides mancozeb (as Dithane M-45 2g/litre) and propiconazole 
under artificially inoculated field and reported their efficacy in reducing infection of 
disease and increase in grain yield and weight.  
Jevtic et al. (1996) studied the fungicidal effect of propiconazole, carboxin, 
thiram etc on winter wheat seed.  
Vlasenko et al. (1998) at Russia performed an experiment to protect the spring 
wheat. He used fungicides and herbicides to control fungal disease and 
weeds.Nugumanov et al. (1998) worked out on winter wheat with greater 
understanding of fungicides and observed an increase in the yield of spring wheat. 
Jones (1999) conducted a study to determine the foliar application of a number 
of broad-spectrum systemic fungicides (particularly conazole fungicides) to loose 
smut-infected plants of wheat and barley in a 3-spray programme. In his result he 
found a marked reduction in the percentage of plants producing infected ears and such 
foliar fungicides may have a previously unseen role in reducing the levels of loose 
smut infection in wheat and barley. 
Rana et al. (2000) conducted a study on loose smut of wheat and its wet 
treatment with triazole fungicides by dipping the seed in 0.01% solution for 6 hr and 
dry treatment with Raxil (0.01%) were quite effective. 
Khanzada et al. (2002) evaluated an experiment on different wheat varieties 
and its control with fungicides. He used these fungicides to increase the seedling 
emergence, number of grains per spike, grain weight and also to control seed-borne 
fungi. 
Sharma et al. (2005) performed an experiment to study the effects of seed 
treatment and foliar fungicides on Helminthosporium leaf blight caused by 
Cochliobolus sativus and Pyrenophora tritici repentis. Pre sown seed infection by the 
pathogen was determined in a laboratory test. Seed were treated with Vitavax 200, 
Bavistin ® and Simonis carbendazim in 2002 and Areestin ® instead of Simonis 
carbendazim in 2003. The highest increase in grain yield over the control was due to 
fungicide spray. These results showed that foliar fungicide spray was quite effective. 
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Bhawal et al. (2006) made a study on seed-borne mycoflora in groundnut 
during storage and their chemical management. They isolated six fungal species viz. 
Aspergillus flavus, A. niger, Fusrium oxysporum, Penicillium spp. etc. and Rhizopus 
arrhizus in seed with and without shell during storage following Agar plate and seed 
wash methods. To control these fungal flora carbendazin (Bavistin) 0.20 %, 
Mancozeb (Indofil M-45) 0.25 % were used. 
Javaid et al. (2006) made a comprehensive study of the efficacy of some 
fungicides against seed-borne mycoflora of wheat. Four fungal species viz. 
Drechslera australiensis, Aspergillus terreus, Alternaria alternata, Fusarium 
oxysporum were isolated from the stored grains of wheat collected from three 
different sources.  Drechslera australiensis was found to be the most frequently 
occurring fungal species and Metalaxylplus Mancozeb and Dithane were found to be 
the most effective fungicides. As a result the effect of different fungicides on 
germination and seedling growth of wheat was also variable and effect of fungicides 
on seed germination and shoot biomass was significant. 
 Pandey et al. (2006) made a study on Bio-efficacy of fungicides against 
Trichoderma spp. and about the toxicity of these fungicides against different 
antagonists. The study revealed tolerance limit of the test fungicides by various 
biocontrol agents for compatibility. Complete inhibition of all the four species of 
Trichoderma is observed by tebuconazole and hexaconazole showing extremely toxic 
nature of the fungicides. After observation it is foumd that captan is fungistatic to T. 
harzianum and can be applied by keeping 2-3 days gap between the fungicides and 
bioagent as integration. As a result the combination of soil treatment by captan 
followed by a seed treatment with Trichoderma should be very safe and useful 
without any loss of Trichoderma. 
 Mullenborn et al. (2008) made a study on Fusarium head blight of wheat, 
often associated with mycotoxin contamination of food and feed is caused by various 
Fusarium species. The efficacy of fungicide sprays for the control of the disease and 
mycotoxins varies from being highly effective to even increasing mycotoxin levels. 
After investigation it is found that the potential role of antagonistic fungi in this 
variability and assessing sensitivity of Fusarium species and saprophytic fungi 
colonizing wheat kernels to fungicides. Saprophytes were tested for their antagonistic 
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activity to the prevent Fusarium species. In dual culture A. niger, R. oryzae and 
Trichoderma hamatum were more effective in reducing mycelial growth of Fusarium 
species than Microdochium majus, A. alternata and Epicoccum spp. was ineffective 
fungi show slow growth rates. According to him saprophytic fungi were sensitive to 
triazoles, however Prothioconazole and tebuconazole had stronger effects on mycelial 
growth of Fusarium species to triazoles 9 range (0.1 – 1.7 mg l-1). Fungicides are 
likely to modify the balance within the mycoflora of wheat ears which may also affect 
the mycotoxin contamination of grain.  
Gonazalez et al. (2008) performed an experiment to analysed trichothecene 
nature occurrence and associated mycoflora and for determining the influence of 
commonly used fungicide field treatment and the cultivar type on trichothecene 
contamination. They used total number of 120 freshly harvested wheat varieties from 
different locations. As result different fungi viz. A. alternata, F. graminearum, F. 
poae and F. semitectum isolated as endogenous mycoflora. The type of cultivar and 
the fungicide field treatment did not affect significantly for the trichothecae 
contamination. 
Singh et al. (2011) made a study at Varanasi to enumerate the fungal species 
and their effect on germination associated with wheat seeds. Seeds of two cultivars 
viz., Kundan and HUW-234 of wheat (Triticum aestivum L.) were collected after 
harvesting from agriculture farm, Banaras Hindu University, Varanasi. He treated 
seeds with potassium nitrate and examine the seed mycoflora with agar plate method 
and blotter method. Fungi isolated and identified by standered techniques were 
Alternaria alternata, Alternaria solani, Aspergillus candidus, Aspergillus flavus, 
Aspergillus fumigatus, Aspergillus niger, Aspergillus terreus, Curvularia lunata, 
Fusarium roseum, Fusarium semitectum, Penicillium citrinum, Penicillium rubrum, 
Rhizopus stolonifer, Trichoderma harzianum. During isolation, the blotter method 
yielded higher number of fungi as compared to agar plate method. Germination of 
infested wheat seeds was determined by three methods viz., blotter method, multi-pot 
tray method and plastic pot method. Results indicated that germination was decreased 
during storage period because fresh seeds showed better germination percent i.e., 
from 95 to 100% than stored seeds. Nitrate treated seeds show better germination 
percent than untreated seeds of both cultivars. 
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Solorzano et al. (2011) made an in-vitro study on seed-borne fungi of maize 
.He conducted a laboratory, field, and growth chamber experiments to determine the 
effects of the seed treatment fungicides fludioxonil, mefenoxam, and azoxystrobin on 
germination, plant population, and grain yield of maize grown from low-quality 
hybrid seed infected with seed-borne fungal pathogens. In this study seed of four 
hybrids infected at 0–54% incidence with Fusarium spp., Stenocarpella maydis, 
Penicillium spp.,Rhizopus spp., and Aspergillus spp. Study II used three seed lots for 
each of two hybrids infected at 7–37% incidence with S. maydis. Warm and cold 
germination for untreated seed varied among hybrids in both studies. Warm 
germination of the seed lot with the highest incidence of S. maydis in study II treated 
with azoxystrobin and fludioxonil was significantly greater (+7%) than the nontreated 
control. Results indicated that fludioxonil and azoxystrobin can increase germination, 
population, and yield of maize grown from seed infected by S. maydis and other 
fungi. 
Kantwa et al. (2014) studied that Alternaria alternata, the causal organism of 
groundnut. The fungus was isolated from infected leaves and proved to be pathogenic 
under artificial inoculation conditions. In this studies he concluded that plant extract, 
garlic clove extract was most effective in inhibiting the mycelial growth and 
sporulation of Alternaria alternata, followed by neem and datura leaf extracts. 
Mancozeb at 1000 ppm resulted complete inhibition of mycelial growth and 
sporulation, followed by copper oxychloride and Captaf. Propiconazole was least 
effective followed by captan and chlorothalonil. 
EVALUATION OF PLANT EXTRACTS AS SEED TREATMENT ON PATHOGENIC FUNGI 
OF WHEAT AND MAIZE 
Synthetic fungicides generally used to protect the crops have become a 
popular target of conservationists and are considered to be one of the important man 
made pollutants. Botanicals are in general more compatible with environmental 
components than the chemical pesticides owing primarily due to their susceptibility to 
bio-degradation. Disease resistance in some plants is known to be due to the presence 
of certain chemical substances which possess antimicrobial properties and these 
phytoextract have high potentialities of being used as botanical fungicides for the 
control of plant pathogens. 
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Botanical fungicides are good alternative choice that is easily biodegradable 
and safe with minimal environment impact (Fawcett and Spencer, 1970). Higher 
plants are known to contain a variety of biologically active chemicals, which may be 
novel anti-fungal compounds. Wilkins (1989) reported 1389 plants as potential source 
of anti-microbial agents comprising of many different classes of compounds. 
Plant extracts of many plants have been reported to exhibit antibacterial, antifungal 
and insecticidal properties under laboratories trials (Satish, et al., 1999, Okigbo and 
Ogbonnaya, 2006; Shariff, et al.,2006, Bouamama, et al.,2006, Ergene, et al., 2006, 
Kiran and Raveesha, 2006, Mohana and Raveesha, 2006). 
The plant world is a rich storehouse of biochemicals that could be tapped for 
use as fungicides. Plant metabolities and plant based pesticides appear to be one of the 
better alternatives as they have minimal environmental impact and danger to 
consumers in contrast to the synthetic pesticides (Verma and Dubey, 1999). 
Numerous defensive chemicals such as terpenoids, alkaloids, phenols, tannis, 
etc. which cause physiological effects on pathogens have already been identified in 
the extracts and exudates of many plants and they are also known for their antifungal 
activity. 
Shekhawat and Prasad (1971) reported that out of nine plant extracts tested, 
five viz., Allium cepa L., Allium sativum L., Ocimum sanctum L., Mentha peperita L. 
and Beta vulgaris L. showed strong inhibitory effect against Alternaria tenuis from 
bean. 
The toxicity of Allium cepa L., A.sativum L., Ocimum sanctum, Lawsonia 
ineris, Datura stramonium L. and Thuja orientalis L. has been tested against 
Alternaria spp. and found to be effective (Shekhawat and Prasad, 1971, Sheikh and 
Agnihotri, 1972, Tripathi et al., 1978, Ganapathy and Narayanasamy, 1993) ,Verma 
and Dubey in (1999). 
Amaresh et al. (1998) tested three plant extracts against Alternaria helianthi 
under in vitro conditions. Among these, neem seed kernel extract was found effective 
as compared to Ocimum canum and Tridax procumbence. 
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Raja and Kurucheve (1998) tested four plant extracts, buffalo urine and 
carbendazim against M.phaseolina and found that garlic bulb extract and buffalo urine 
inhibited completely the sclerotial germination. 
Amaresh (2000) reported that, among plant extracts, neem leaf extract (5%), 
Ocimum canum L. Leaf extracts (5%) and Bougainivillea spp.leaf extracts were found 
to be effective in controlling both Alternaria blight and rust. 
Sudhakar (2002) reported the efficacy of garlic clove extract, bitter gourd leaf 
extract, turmeric rhizome extract and onion bulb extract, in inhibiting mycelial growth 
of M.phaseolina of maize. 
Kayode (2004) examined allelopathic effect of aqueous extracts of Calotropis 
procera on germination and seedling growth of four cultivar of maize (Oba Super 1, 
2, 3, and 4). He examined that both extracts demonstrated considerable inhibitory 
effects on the growth of radicle and plumule of the cultivars and the severity of the 
inhibition. As result he found that the growth of Oba Super 1 tends to be the least 
inhibited while the growth of Oba Super III appeared to be mostly inhibited by the 
extracts when the growth and development of their radicle and plumule were 
compared to those of the control. 
Hasan et al., (2005) made a study on antifungal effects of plant extracts on 
seed-borne fungi of wheat seed regarding seed germination, seedling health and 
vigour index. They used 10 plant extracts, such as rhizome of Zingiber officinale, bulb 
of Allium sativum, Allium cepa, leaves of Adhatoda vesica, Lausonia alba, 
Azadirachta indica, Achyranthes aspera, stem of Cuscuta reflexa, root of Vinca rosea 
and seeds of Nigella sativa for their efficacy in vitro against seed-borne fungi of 
wheat. All the plant extracts significantly reduced the incidence of seed-borne fungi, 
increased seed germination, number of healthy seedlings and vigour index. Alcoholic 
extracts of neem (Azadirachta indica) and garlic (Allium sativum) completely 
controlled the intensity of Bipolaris sorokintana, Fusarium spp., Aspergillus spp., 
Penicillium spp., and Rhizopus spp. Neem and garlic extract treated wheat seeds gave 
84.70% healthy seedling and 15.13% infected seedlings, respectively. 
Shafique et al. (2005) studied the efficacy of aqueous leaf extracts of plants 
viz. Helianthus annuus, Sorghum bicolor and Melia azedarach against seed-borne 
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fungi of maize. Mercuric chloride was used as a reference standard. Four species of 
fungi viz. Aspergillus niger, A. fumigatus, Penicillium spp. and Rhizopus arrhizus, 
were isolated from the contaminated stored maize grains. Mercuric chloride as well as 
the aqueous extracts of these plants significantly inhibited the growth of seed-borne 
fungi. Aqueous extracts of sunflower and M. azedarach exhibited maximum toxicity. 
Shafique et al. (2007) studied the effect of aqueous leaf extracts of allelopathic 
tree species viz. Accacia nilotica, Alstonia scholaris, Azadirachta indica, Eucalyptus 
citriodora, Ficus bengalensis, Mangifera indica, Melia azedarach and Syzygium 
cumini on germination and seed-borne mycoflora of wheat. Five fungal species were 
isolated from untreated seeds. Alternaria alternata was recorded with highest 
percentage followed by Fusarium solani, Cladosporium spp., Rhizopus arrhizus and 
Aspergillus niger. Surface sterilization with HgCl2 significantly reduced A. alternata 
and completely checked the growth of all other fungi. Aqueous extracts of all the test 
tree species significantly reduced the frequency of occurrence of the two most 
frequent seed-borne fungi viz., A. alternata and F. solani. 
Satish et al. (2007) tested efficacy of plant extracts against species of 
Aspergillus such as A. candidus, A. columnaris, A. flavipes, A. flavus, A. fumigatus, A. 
niger, A. ochraceus, and A. tamarii which were isolated from sorghum, maize and 
paddy seed samples. He found that, aqueous extract of Acacia nilotica, Achras zapota, 
Datura stramonium, Emblica officinalis, Eucalyptus globulus, Lawsonia inermis, 
Mimusops elengi, Peltophorum pterocarpum, Polyalthia longifolia, Prosopis juliflora, 
Punica granatum and Sygigium cumini have recorded significant antifungal activity 
against one or the other Aspergillus species tested. A. flavus recorded high 
susceptibility and hence solvent extracts viz., petroleum ether, benzene, chloroform, 
methanol and ethanol extracts of all the plants were tested for their antifungal activity 
against it. Among the solvent extracts tested, methanol gave more effective than 
ethanol, chloroform, benzene and petroleum ether, except for Polyalthia longifolia, 
where petroleum ether extract recorded highly significant antifungal activity than 
other solvent extracts. 
Rahman et al. (2008) conducted an experiment to control seed-borne 
mycoflora of maize seeds using Barnali, Khai and Mohor variety. In his experiment 
efficacy of three different levels of hot water viz. 480C, 500C, 520C was evaluated 
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against seven different fungi including three major pathogenic fungi Bipolaris maydis, 
Cuvularia lunata and Fusarium . He found that seed treatment with hot water 
significantly reduce seed-borne infection of maize. Results indicated that hot water 
treatment at 500C temperature for 15 minutes gave good results for controlling seed-
borne fungi and maintaining better as well as safe germination of maize seeds. 
Vikhe et al. (2010) studied that various fungi are responsible for causing seed 
and plant disease which produce damaging effects on seed quality and yield and 
seedlings becomes unhealthy and diseased. Chemical fungicides show instant positive 
result on seed-borne fungi and its related diseases but on the other hand they 
adversely affect the environment and useful microorganisms of the soil. Due to this 
reason various plants extracts can be employed to overcome the damages to the 
environment and to control the fungal diseases. 
Plant extracts are being used to control the diseases since last several years. 
Extracts of the various plant parts like leaf, stem, root, fruit and seeds are found to be 
effective against seed-borne pathogenic fungi. 
Pawar et al. (2011) made a comprehensive study on plant extracts and 
pathogenic fungi.  In an in vitro study cup-plate method was used to examine the 
antifungal activity of some leaf extracts. Leaf extracts of 18 plants were screened 
against 5 seed-borne pathogenic fungi viz. Alternaria alternata, Aspergillus niger, 
Curvularia lunata, Fusarium moniliforme and Trichoderma viride. 9 leaf extracts 
showed antifungal activity out of 18 leaf extracts. The extract of Azadirachta indica 
showed maximum activity, while minimum activity was observed with Holoptelia 
integrifolia against the fungi under investigation. 
Kuri et al. (2011) conducted an experiment on different plant extracts and 
plant parts against the seed-borne fungi of brinjal (Solanum melongena). In this 
experiment the leaf extract of M. oleifera increased seed germination up to 92% as 
compared to control treatment and leaf extracts of A. indica and P. roxburghii gave 
the best potential, against all tested pathogen followed by leaf extract of S. persica 
and C. procera. They concluded that all the plant extracts significantly inhibited the 
tested fungi associated with brinjal seeds.  
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Rani et al. (2011) made a study to explore the pesticidal potential of certain 
Indian vegetable leaves for the post-harvest protection of maize seeds from stored 
pests and seed- borne fungi. In this experiment the crude extracts and purified 
fractions from leaves of papaya, Carica papaya L., ivy gourd, Coccinia indica Wight 
and Arn., bitter gourd, Momordica charantia L., curry leaf, Murraya koenigii L., 
chilli plant, Capsicum annuum L. and brinjal, Solanum melongena L. were used  for 
their capacity to control storage deterioration due to infestation by two major pests of 
maize, rice weevil, Sitophilus oryzae L. (Coleoptera: Curculionidae) and red flour 
beetle, Tribolium castaneum H. (Coleoptera: Tenebrionidae). All crude extracts and 
the solvent eluted fractions were tested for their insecticidal activity in the vapor and 
contact form. She recorded the effects of treatment on maize viability and antifungal 
activity against the fungi associated with the germinating seedlings.   
Kumar et al. (2012) studied that infections caused by pathogens during 
germination are known as seed-borne diseases. Which cause infection on the surface 
or interior of seed and results in crop loss. Dried powder of leaves of Lantana camara 
extracts were tested using Blotter methods against fungal incidence. Percent seed 
germination and fungal pathogen incidence were recorded. The increasing 
concentrations of aqueous extract of L. camara reduced the germination rate in 
mustard and chickpea crops. 
Yeasmin et al. (2012) studied that seeds of rice were treated with Garlic clove 
extract, Allamanda leaf extract and Provax-200 for controlling seed-borne fungi. The 
identified seed-borne fungi of rice were Bipolaris oryzae, Curvularia oryzae, 
Fusarium oxysporum, F. moniliforme, Nigrospora oryzae, Aspergillus flavus, 
Aspergillus niger and Penicillium spp., where prevalence of Bipolaris oryzae and 
Fusarium moniliforme were the maximum. All the treatments significantly reduced 
the seed-borne fungi over the control. Provax was found best and was statically 
similar to garlic extract against seed-borne pathogen of rice. 
Jat and Agalave ( 2013) tested  the efficacy of  plant extracts, such as rhizome 
of Zingiber officinalis, bulb of Allium sativum, leaves of Azadirachta indica, 
Eucalyptus sp., Lantana camara and Vinca rosea  against seed-borne fungi of 
chickpea fungi viz., Alternaria spp., A. niger, Curvularia lunata, Fusarium spp. and 
Rhizopus stolonifer. Among all the plant extracts Allium sativum and Zingiber 
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officinalis significantly reduced the incidence of seed-borne fungi. Leaf extracts of 
Lantana camara was found effective against Fusarium spp. whereas Eucalyptus spp. 
was found to be effective against Alternaria spp. Aspergillus niger and Curvularia 
lunata was more sensitive to the extracts of garlic and ginger followed by neem. 
Yoon et al. (2013) conducted a survey of a wide range of reported plant-
derived antifungal metabolites. For many years, synthetic fungicides have been used 
to control plant diseases. Although synthetic fungicides are highly effective, their 
repeated use has led to problems such as environmental pollution, development of 
resistance, and residual toxicity. They have made this study to prompted intensive 
research on the development of biopesticides, including botanical fungicides. 
Zaidi and pathak (2014) tested the efficacy of fungicides, botanicals and 
biocontrol agents to control the seed-borne pathogens.  Seeds of many crops are 
known to carry various types of pathogens associated with cowpea (Vigna 
unguiculata) seeds. The results showed that highest seed germination reflected the 
lowest percentage of pathogen in the treated seeds with natural products and 
biocontrol agents. A natural product produced by plants is definitely a new source of 
potential pesticides as different botanicals in the present studies gave encouraging 
results. 
EVALUATION OF BIOAGENTS AS SEED TREATMENT ON PATHOGENIC FUNGI OF 
WHEAT AND MAIZE 
The uses and expectations of biological seed treatments are greater today due 
to the impact of environmental regulations that have either banned or restricted the 
use of older seed dressing fungicides such as organo mercurial compounds. Biological 
seed treatments provide economical and relatively nonpolluting delivery systems for 
protective materials compared to other field application systems. Biological control 
involves the use of one or more biological organisms to control the pathogens or 
diseases. Biological control is more specialized and use of specific microorganisms 
that attack or interfere with the pathogen. The member of genus Trichoderma (T. 
viride, T. polysporum, T. harzianum, T. hamaum, T. koningii and T.longibrachiatum) 
are very promising against soil borne plant parasitic fungi (Sclerotiniasclerotium, 
Fusarium oxysporum and Pythium ultimum). The biological control of some plant 
pathogens has been found effective and is gaining importance as the cheapest and 
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practicable control measure. Results indicating the ability of certain 
antagonisticorganisms to suppress the activity of seed-borne pathogens are available 
in literature. 
Trichoderma harzianum Rifai has been investigated extensively as a 
biological seed treatment for M. phaseolina. Inoculation of chickpea seeds with T. 
harzianum in a pot experiment reduced infection of seedlings from 70 per cent in 
untreated controls to 18 per cent. (Parakhia and Vaishnav, 1986). This fungus also 
gave effective control of charcoal rot when applied to seeds of groundnut (Chaudhary 
and Gangawane, 1989), melon (Elad et al., 1986) and Vigna mungo (Mani and 
Marimuthu, 1994). 
Deshmukh and Raut (1992) reported that in in vitro test, T. harzianum and 
Trichoderma viride (Pers.ex.S.F.Gray) over grew colonies of Fusarium moniliforme 
(J.Sheldon,) F.oxysporum (Snyd. & Hans.) and M.phaseolina (Tassi) Goid. 
T.harzianum was more aggressive than T.viride. Bioprotectants applied to seeds may 
not only protects seeds but also may colonize and protect roots and increase the plant 
growth. (Taylor and Harman, 1990). 
Arya et al., (1998) performed an experiment on flag smut of wheat and its 
control methods like physical solar heat and water flotation treatment and also studied 
seed treatment with bio-agents. Seed treatment with Azotobacter chroococcum 
showed a significant reduction in disease incidence compared to the controls. 
Plant growth promoting bacteria (PGPB) support plant growth indirectly, by 
improving growth restricting conditions for pathogen either via production of antagonistic 
substances or by inducing resistance against plant pathogens (Kloepper et al. 1999).  
Knudsen et al. (1995) made a study of biological control and its effects in a 
former screening programme against Fusarium culmorum. He isolated the most 
successful antagonists the isolates of Chaetomium spp., Idriella bolleyi and 
Gliocladium roseum against seed-borne fungi viz. Fusarium culmorum and Bipolaris 
sorokiniana,. These results revealed that, when the antagonists were applied to B. 
sorokiniana-infected barley sown in field soil in pots. In field experiments, G. roseum 
gave the best control of F. culmorum in winter wheat in all the evaluated growth 
parameters.  
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Plant growth promoting strains applied as seed treatment resulted in 
significant reduction in anthracnose disease caused by Colletotrichum orbiculare in 
cucumber (Wei et al. 1996). 
Knudsen et al. (1997) performed an experiment on different screening 
methods for selection of biological control agents (BCAs), for controlling soil and 
seed-borne diseases. They gave an exclusive idea on shortcomings of laboratory 
methods focused on mechanism of action are discussed and conclude that these 
methods should be used with caution if candidates with multifactorial or plant 
mediated mechanisms of control are to be obtained. In this experiment different 
screening procedures are compared and evaluated .According to them  In vitro screens 
may be useful for specific groups of microorganisms, thus, screens for antibiotics may 
be relevant for Streptomyces spp., and promising results have been obtained using soil 
plating or precolonized agar methods to screen for mycoparasitism and competitive 
saprophytic ability.Experience with screening in the Nordic programme were 
summarized in ‘Biological control of seed-borne diseases in cereals. Potential 
antagonists were isolated from different sources and in planta screening methods 
were developed in order to optimize selection of antagonists effective against a range 
of seed-borne pathogens.  
Jensen et al. (2000) performed six field experiments, seed treatment with 
Clonostachys rosea (IK726) significantly reduced disease caused by Fusarium 
culmorum. They found that IK726 was active against the pathogen at average soil 
temperatures at sowing ranging from 6.2 to 12 _C. Both in the field experiments and 
in growth chamber experiments conducted in sand, dried and stored conidia of IK726 
controlled F. culmorum as effectively as freshly harvested conidia.Results indicated 
that a high correlation was found between disease index ratings from field 
experiments and from corresponding growth chamber sand tests. Amendment with the 
stickers Pelgel or Sepiret did not influence control activity. 
Prasad et al (2002) performed an experiment to test the efficacy of the 
biological control agent Trichoderma harzianum on various levels of Fusarium udum, 
the pigeonpea wilt pathogen. Field plots infested with the pathogen at three inocula 
levels (log 3.04, log 4.98 and log 5.34 colony-forming units (cfu)/g of soil) were 
identified. In this experiment Trichoderma harzianum applied as a seed treatment (10 
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and 20 g/kg seed) and as a soil amendment (10 and 20 g/9m2). The Trichoderma 
population increased to more than 108 cfu/g soil by 60 days in treated plots, whereas 
for seed treatments, fungal population reached a maximum of 104.62 cfu/g soil within 
45 days, and thereafter started to decline. At log 3.04 pathogen concentration, soil 
amendment, with T. harzianum at 10 and 20 g gave 42.9% and 61.5% disease control, 
respectively. Seed treatments resulted in less than 30% disease control when 
compared to the check. Results indicated that the disease control achieved with 
fungicide seed treatment was insignificant. At log 4.98 and log 5.34 pathogen 
concentrations, disease control ranged between 22% and 35.3% for soil treatments. 
Even at the highest pathogen density (log 5.34), soil amendment with T. harzianum at 
10 g gave about 30% disease reduction. In seed treatment plots, disease control 
ranged between 4.36% and 13.7%. In general, soil application of T. harzianum was 
found to be more effective than seed treatment for disease suppression. These results 
suggest the need to augment soil applications of T. harzianum for obtaining effective 
control of pigeonpea wilt. 
PGPB are those bacterial strains that have a beneficial effect on plant growth and 
development (Andrews and Harris 2003).  
Bressan et al. (2003) made a study on the effectiveness of two Streptomyces 
spp. strains to control pathogenic fungi in stored maize grain. In his experiment the 
treatments included seed disinfection and inoculation with Streptomyces spp. strains 
previously isolated from maize rhizosphere. Actinomycete inoculum consisted of 
filtered suspension and total suspension of fermentor-produced Streptomyces spp. 
strains biomass. Results revealed that treatments with Streptomyces spp. strains alone 
effectively suppressed the development of Aspergillus spp., Curvularia lunata, and 
Drechslera maydis and significantly (p ≤ 0,05) reduced the incidence of Fusarium 
subglutinans and Cephalosporium acremonium. Among the inoculation treatments, 
nondisinfested seed inoculated with filtered suspension was the only treatment that 
did not suppress the development of Penicillium spp. Maize seed inoculation with 
total suspension of strains was the most effective treatment to control the incidence of 
seed pathogenic fungi. The results indicate that Streptomyces spp. strains reduce the 
incidence of seed pathogenic fungi and have potential as a biological control agent. 
However, an efficient methodof seed treatment with the biological control agent must 
be developed before it can become anagricultural practice. 
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Brimner et al. (2003) made a study on biological control agents for plant diseases are 
currently being examined as alternatives to synthetic pesticides due to their perceived 
increased level of safety and minimal environmental impacts. Fungal biological 
control agents have several mechanisms of action that allow them to control 
pathogens, including mycoparasitism, production of antibiotics or enzymes, 
competition for nutrients and the induction of plant host defences.  
Monaco et al., (2004) made a preliminary study on biological control of the 
blackpoint compelex of wheat. Blackpoint is a brownish or black discoloration of 
wheat kernels and biological control is a complementary strategy to manage the 
disease. This work evaluated the effect of five strains of Trichoderma harzianum and 
one strain of T. koningii on the growth of Bipolaris sorokiniana and Alternaria 
alternata and compared the results of screening tests under controlled condition and 
field evaluation on brade and durum wheat ears. Microscopic examination of B. 
sorokiniana and A. alternata showed plasmolysis and vacuolization of hyphae of the 
pathogens in the presence of the antagonists tested. 
Biswas et al. (2006) performed an experiment on seed treatment with biocides 
to control brown spot and sheath blight of paddy. He investigated that both the 
pathogen perpetuate through seed and soil. Seed treatment with biocides 
(Trichoderma harzianum, T. viride) provided good protection of seed against seed-
borne disease in vitro. The maximum 82% germination was recorded in the case of 
seed treatment with bioformulation of T. harzianum which was followed by spore 
suspension of T. harzianum. 
Vishwa et al. (2006) carried out an experiment to study the efficacy of 
saprophytically competitive bioagents against Fusarium udum using culture technique 
on potato dextrose agar medium. Three bioagents viz., Trichoderma viride, T. 
harzianum and Gliocladium virens were evaluated against ten isolates of F. udum and 
incubated for 96 hrs. After 96 hrs of incubation the reduction of ten isolates of F. 
udum ranged between 35.5-54.8 % in case of T. viride, 36.4-54.7% in T. harzianum 
and 36.4-57.3% in G. virens and T. harzianum was found growing saprophytically 
fast in the presence of F. udum isolates in dual culture. 
 Javaid  et al. (2007) evaluated a study about antifungal potential of 
metabolites of three antagonistic fungal species viz. Trichoderma aureoviride, T. 
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harzianum and T. koningii against seed-borne mycoflora of wheat (Triticum aestivum 
L.). In his study two fungal species namely Alternaria alternata and Aspergillus 
carneus with 37 and 10% incidence respectively were found associated with stored 
wheat grains. Effect of metabolites of all the three test fungal species was 
insignificant against A. carneus, Conversely, all the fungal metabolites significantly 
suppressed the growth of A. alternata.  
Verma et al. (2007) made a study to determine the efficacy of Trichoderma 
spp., as antagonistic fungal agents against several pests as well as plant growth 
enhancers. Faster metabolic rates, anti-microbial metabolites, and physiological 
conditions are key factors which chiefly contribute to antagonism of these fungi. 
Mycoparasitism and nutrient competition, antibiosis by enzymes and secondary 
metabolites, and induction of plant defence system are typical biocontrol actions of 
these fungi. The aim of this review is to sum up the BCA activity potential of these 
fungi and to shed light on commercial production processes. In this regard, this 
review focuses on Trichoderma spp. discussing different aspects pest control, growth 
promotion, bioremediation, production processes and market values. 
Perello et al. (2008) made a comprehensive study on biocontrol agents. 
Trichoderma spp. has been used as biocontrol agents to protect plants against foliar 
diseases in several crops. Experiments were carried out to determine the effect of six 
isolates of Trichoderma harzianum and one isolate of T. koningii on the incidence and 
severity of tan spot, caused by Pyrenophora tritici-repentis (anamorph: 
Drechsleratritici-repentis) under field conditions. He found significant differences 
between years, wheat cultivars and treatments. Results indicated that the application 
of six of the treatments on wheat plants significantly reduced disease severity by 16 to 
35% in comparison to the control. Disease control provided by isolate T7 was similar 
to that provided by the fungicide treatment (56% reduction). This is the first report on 
the efficacy of Trichoderma spp. against tan spot under field conditions in Argentina. 
Mustafa et al. (2009)  performed an experiment on eight different organic 
substrates viz. rice husk, wheat straw, wheat bran, cotton waste, maize stover, saw 
dust and sugarcane bagasse for their effect on spore production and growth (cfu/gm) 
of three different species of Trichoderma i.e T.harzianum, T. longibrachiatum and T. 
viride isolated from rhizosphere of Dalbergia sissoo. He found that wheat bran 
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supported maximum growth (19.75) cfu/gm and conidial production (2.98) per gram 
of the substrate for biocontrol agents. T. harzianum showed maximum population 
(16.57) cfu/gm and T.viride yeilded maximum no of spores (2.77) per gram utilizing 
all the substrates. He observed that a temperature 25oC was best for their mass 
multiplication. Results indicated that soil application of organic preparation of 
biocontrol agents was effective in managing seed borne pathogenic fungi F. 
oxuysporum, F. moniliforme, F.solani, B. theobromae, A.alternata and R.solani and in 
seedling establishment of Dalbergia sissoo Roxb. 
PGPB are more advantageous than chemical fertilizers for the development of 
sustainable agriculture as chemical fertilizers have several negative environmental 
impacts. PGPB promote plant growth directly or indirectly. They directly promote 
plant growth either by providing the plant growth promoting substances or by 
microorganisms (Mehta et al. 2010). Saharam and Nehra (2011) described the effects 
of plant growth promoting strains viz, Bacillus, Streptomyces, Pseudomonas and 
Burkholderia against Colletotrichum capsici, Phytophthora, Macrophomina, 
Rhizoctonia and Fusarium oxysporum. 
Dubey et al. (2011) conducted an experiment to evaluate the efficacy of seed 
dressing and soil application formulations from the isolates of Trichoderma viride 
(IARI P1; MTCC 5369), T. virens (IARI P3; MTCC 5370) and T. harzianum (IARI 
P4; MTCC 5371) individually and in combination in pot and field experiments during 
the rainy seasons of 2005, 2006 and 2007 for the management of wet root rot 
(Rhizoctonia solani) and improvement in the yield of mungbean. Result revealed that 
evaluated formulations against wet root rot of mungbean proved that the integration of 
soil application of PBP 16G and seed treatment with Pusa 5SD + carboxin is highly 
effective for the management of wet root rot, increasing plant growth and grain yield 
of mungbean. 
Baig et al. (2012) observed the effects of biocontrol agents, antagonist i.e. 
Trichoderma viride, Trichoderma harzianum, Pseudomonas fluorescens and Bacillus 
subtilis on dominant fungi like Aspergillus flavus (Link), Aspergillus niger (Van 
Tiegh). Fusarium oxysporum (Schlecht).and Alternaria alternata (Fr.) Keissler and 
found that this investigation will be helpful in control of seed-borne fungi of oils 
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seeds. By using these treatments and methods, health of seeds can be maintained and 
seeds can be stored for longer time and diseases can be controlled. 
Prasad et al. (2013) evaluate the potential of Trichoderma viride spore suspension as 
biocontrol agent against Fusarium oxysporum and Alternaria alternata in black gram 
under greenhouse conditions. Seeds were artificially infested with F. oxysporum and 
A. alternata. Concurrently, they were treated with Trichoderma viride spores. It was 
observed that the seed germination, growth, vigour index and disease resistance in 
plant samples treated with Trichoderma increased as compared to controls. 
Akladious and Abbas (2014) conducted an experiment to investigate the effect 
of Trichoderma harzianum (T22) on the growth and development of maize (Zea 
mays) plants. In his experiment they applied T. harzianum to the grains in two 
different treatments, either by inoculating the soil with air-dried mycelia of T. 
harzianum or by treating the seeds with different concentrations of the metabolic 
solution (as the culture supernatant of T. harzianum) before sowing. Results revealed 
that application of the highest concentration of air-dried mycelia and all 
concentrations of the metabolic solution of T. harzianum caused increase in all 
measured parameters which include growth parameters, chlorophyll content, starch 
content, nucleic acids content, total protein content and phytohormone content of 
maize plants but the magnitude of these increases was much more pronounced in case 
the seeds treatment with the metabolic solution of T. harzianum. 
Ferrigo et al. (2014) conducted field trials in two locations to assess the effect 
of seed treatment with T. harzianum strain T22 on F. verticillioides kernel 
colonization and on fumonisin contamination under various natural conditions. They 
observed an average reduction of 58% in fungal infestation and 53% in mycotoxin 
contamination during three-year experiments. This research suggested that seed 
biopriming with T. harzianum T22 can be a promising and environmentally friendly 
way to control F. verticillioides kernel colonization and fumonisin accumulation. 
Composting: Farm yard manure an ideal organic amendment for plant growth 
Harmful effects of chemical fertilizers and pesticides have shifted the interests 
of researchers towards organic amendments like farm yard manure which can increase 
the production of crops and prevent them from harmful pests without polluting the 
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environment. In India, during the period of 1960s to 1980s, there was a remarkable 
increase in the agricultural production due to ‘‘Green revolution’’ (Gupta 1996), after 
which the use of chemical fertilizers increased although India achieved self-
sufficiency in agriculture, but the use of chemical fertilizers resulted in pollution of 
soil, water and air. 
Farm yard manure is described as an excellent soil amendment with some 
biocontrol agent which make it the best organic fertilizer and more eco-friendly as 
compared to chemical fertilizers. Farm yard manure is ideal organic manure for better 
growth and yield of many plants. It can increase the production of crops and prevent 
them from harmful pests without polluting the environment. 
Gowda et al. (2008) conducted a field experiment during rabi season of 2006-
07 on red loamy soil of Main Agricultural Research Station, University of 
Agricultural Sciences, Dharwad to study the effect of different organic manures on 
growth, seed yield and quality of wheat. In his observations application of 
vermicompost @ 3.8 t per ha + poultry manure @ 2.45 t per ha recorded significantly 
higher plant height (86.30 cm), number of leaves (40.50) and higher number of tillers 
(94.60) at 90 DAS and it also recorded higher number of ear heads per meter square 
(160.10), 1000 seed weight (42.73 g) and seed yield (3043 kg/ha), vigour index 
(3223), seedling dry weight (311.27 mg) and protein content (13.41%) as compared to 
other treatments. Application of organic manures in combinations with each other 
recorded at par B:C ratio with that of RDF. 
El-Ghamry et al. (2009) carried out an experiments in 2006/2007 and 
2007/2008 seasons at the experimental farm, to study the effect of adding FYM at 
rates of 0 and 20 Mg/ ha  and some micronutrients as foliar application on growth, 
yield and nutrients content of wheat. This is the most important findings could be 
summarized as follows: Application of FYM gave a significant increase in all 
quantitative yield characteristics as compared with the control treatment. The mixed 
foliar application treatment (B, Mo and Zn) gave the highest mean values of all 
studied yield characteristics, whereas, Mo-treatment gave the lowest mean values in 
all studied characteristics. The interaction effect between FYM addition and foliar 
application of micronutrients on quantitative yield characteristics of wheat plants 
recorded a significant increase in all studied yield parameters as compared with 
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control treatment. The concentrations of macro and micronutrients in grain and straw 
yield of wheat were affected by FYM and foliar application of micro nutrients and 
this effect was significant.  
Ramanujam et al. (2010) gave an extensive survey on importance of 
Trichoderma for plant disease management. Trichoderma has gained maximum 
attention as biocontrol agent due to the fact that it is effective against a large number 
of soil-borne plant pathogenic fungi, suppressive effects on some root nematodes 
without adversely affecting beneficial microbes like Rhizobium and capable of 
promoting growth of certain crops. There are two major methods of inoculums 
production of Trichoderma spp. viz., solid state fermentation and liquid state 
fermentation. Trichoderma enriched FYM have been used for soil application directly 
and have provided effective control of diseases both nurseries and field conditions. To 
ensure that the products of Trichoderma do not affect the environment, human beings 
and other living organisms adversely and to prevent the sale of poor quality products 
to the farmers, the Central Insecticide Board of Government of India has made 
registration of microbial pesticides mandatory before commercial production/ 
import/sale.  
Sharma et al. (2012) conducted a three year study (2008-2011) on the 
validation of the Trichoderma technology for growth promoting ability of 
Trichoderma harzianum (Th3) was evaluated in the popular wheat (Triticum aestivum 
L.) variety Raj 3765 at farmer’s field through TIFAC-DST project entitled “On Farm 
Demonstration and Commercial Production of Trichoderma as Biopesticide and 
Growth Promoter”. The biological formulation was developed at Biological Control 
Laboratory, Division of Plant Pathology, IARI, New Delhi, and was successfully 
demonstrated in two districts of Rajasthan viz., Jaipur and Kota belonging to different 
agro climatic zones. Rhizospheric Competence Index along with its growth promotion 
effect on rootlets, tillers, weight of grains and grain yield were evaluated by using it at 
three stages of crop viz., seed, flowering and preharvesting @ 4g/kg and @ 4ml/L 
along with soil treatment with a mixture of farm yard manure and formulation @ 50:1 
before sowing. When his results compared to the first year where the farmers were 
unaware of Trichoderma in 2008-09 a significant increase in yield of wheat from 
36.25 to 46.73Q/ha (29% in Jaipur) and from 36.88 to 50.12Q/ha (36% in Kota) has 
been observed after continuous application for three years (2008-2011).  
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Singh et al. (2014) made a study on locally available six organic substrates eg. 
spent mushroom compost (SMC), farmyard manure (FYM), vermicompost (VC), 
sorghum grain (SG), wheat grain (WG) and broken maize grain BMG based 
Trichoderma harzianum T5 based formulation to test their efficacy in managing 
Rhizoctonia solani causing collar rot disease of cowpea. T. harzianum T5 population 
in spent mushroom compost (SMC) was maintained at significantly higher level than 
any other organic substrates considered maintaining (15 x 107cfu/g) substrates 
population upto 240 DAI. They observed that of these six organic substrate based T. 
harzianum T5 + R. solani treatments, SMC based T. harzianum T5 + R. solani 
treatment was found superior to others in reduction of seedlings mortality, number of 
leaves, shoot and root length, shoot and root dry weight and total plant dry weight of 
cowpea seedlings except vigour index. 
Photosynthesis and pathogen 
Photosynthesis is the basic function of green plants. The photosynthetic 
capacity of plants is affected by abiotic and biotic stress factors. Pathogen attaking 
plants and specialy the foliar parts hampur this usefull activity. Infections cause leaf 
blade damage which leads to a decrease in the rate of photosynthesis, disappearance 
of chlorophyll and an increase in the rate of respiration (Scholes 1992). 
Fungal pathogens of plants are often well established in the host long before 
the appearance disease. As a result the future potential for the control of such diseases 
is significantly reduced due to the latent infections and the host plant becomes 
stressed (Whalley, 1996). 
Plant infection by pathogenic fungi and bacteria can occur in multiple ways. It 
could be passive, i.e. accidental, by suction into the plant through natural plant 
openings such as stomata, hydathodes or lenticels, entrance through abrasions or 
wounds on leaves, stems or roots (Hu and Rijkenberg, 1998b, Vidaver and 
Lambrecht, 2004). Whatever the reason the pathogen attacks result in the 
development of symptoms that include leaf and fruit wilt, stem and root rot (Rekah et 
al., 1999), coverage of leaf surface with pustule, chlorosis and necrosis (Fofana et al., 
2007, Kocal et al., 2008), a decreased rate of plant photosynthesis (Kocal et al., 
2008), and as a consequence plant death or yield loss occurence (Berger et al., 2007). 
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Pathogen infection often leads to plant death, the development of chlorotic and 
necrotic (Kim et al., 2010) lesions and to a decrease in photosynthetic assimilate 
production. 
Pathogens have devised different strategies to invade a plant, as well as to feed 
on and reproduce in the plant. Besides the assignment to bacteria or fungi, this is 
regarded as an important feature to classify the attacking micro-organism (Oliver and 
Ipcho, 2004). 
Aldesuquy et al (1991) performed this experiment and selected two biotrophic 
fungi, from different groups, growing in Egypt for this study, Puccinia lagenophorae, 
infecting Senecio glaucus and Albugo Candida infecting Cakile maritima during late 
infection.In this experiment, the intensity of growth of the two pathogens on their 
hosts in relation to some physiological and biochemical aspects of infected leaves 
were analysed. The infection of Senecio caused a significant decrease of relative 
water content, while the infection of Cakile caused a nonsignificant decrease of the 
same parameter. The ionic content (Na+, K+, Ca2+) of infected leaves of both 
Senecio and Cakile was greatly reduced. Also, there was a decrease in pigments (chl 
a, chl b and carotenoids) in infected leaves of both Senecio and Cakile. In addition, 
carbohydrate content (sucrose, reducing sugars and polysaccharides) was significantly 
decreased in infected leaves of Senecio but increased in case of Cakile. The variation 
of these results were discussed in relation to the growth and behavior of the two 
pathogens on their hosts. 
Lagriffoul et al (1998) performed an experiment on plants cultivated in a 
nutrient solution containing increasing cadmium concentrations (i.e. 0.001–25 µM), 
under strictly controlled growth conditions. He studied about the changes in both 
growth parameters and enzyme activities, directly or indirectly related to the cellular 
free radical scavenging systems, in roots and leaves of 14-day-old maize plants (Zea 
mays L., cv. Volga) as a result of Cd uptake. A decrease in both shoot length and leaf 
dry biomass was found to be significant only when growing on 25 µM Cd, whereas 
concentrations of chlorophyll pigments in the 4th leaf decreased from 1.7 µM Cd on. 
Changes in enzyme activities occurred at lower Cd concentrations in solution leading 
to lower threshold values for Cd contents in plants than those observed for growth 
parameters. This results show that in contrast with growth parameters, the 
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measurement of enzyme activities may be included as early biomarkers in a plant 
bioassay to assess the phytotoxicity of Cd-contaminated soils on maize plants. 
Karele (2002) worked determine the chlorophyll contents in individual plant 
parts and relationships between nitrogen and chlorophyll content of winter wheat 
varieties. Field trials were carried out at the experimental field trial station of the 
Latvia University of Agriculture during 1998–1999. Four winter wheat varieties were 
tested: early varieties (‘Donskaja polukarlikovaja’ and ‘Sirvintas-1’) and medium to 
late varieties (‘Otto’ and ‘Bussard’). Chlorophyll concentration in the whole plant 
depends on the fertilizer rate. Results revealed that Chlorophyll concentration reaches 
a maximum during the flowering stage. A good correlation exists between leaf 
chlorophyll content and nitrogen content at beginning of stem elongation (Zadoks 
Growth Stage 32). 
Beltrano et al (2008) investigated the contribution of the arbuscular 
mycorrhizal fungus Glomus claroideum to drought stress tolerance in wheat plants 
grown under controlled conditions. Results indicated that when irrigation was re-
established, mycorrhizal plants increased their total dry weight and leaf chlorophyll 
concentration, and recovered cell membrane permeability in leaves compared with 
non-mycorrhizal plants. In conclusion, root colonization by G. claroideum could be 
an adequate strategy to alleviate the deleterious effects of drought stress and retard the 
senescence syndrome in wheat. 
Manoharan et al (2008) investigated the effects of VAM fungi on the 
physiological changes of the selected tree seedlings viz., Cassia siamea, Delonix 
regia, Erythrina variegata, Samanea saman and Sterculia foetida. Results revealed 
that the symbiotic association between certain plants and microorganisms plays an 
important role in soil fertilization, and improves their growth and mineral nutrition. 
The symbiotic association between vesicular arbuscular mycorrhizal (VAM) fungi 
and roots provides a significant contribution to plant nutrition and growth.  
It is concluded that whenever a foliar infection or any other type of stress is 
there on the plant, the metabolic activities increased the photosynthesis and 
chlorophyll contents are affected and a stressed and diseased condition is shown by 
the plant. 
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Effect of seed mycoflora on nutrional value and quality deterioration of grains. 
There is a direct correlation between the seed-borne pathogens and seed quality 
deterioration. The infection brings about the biochemical changes which lead the 
distruction of quality and nutritional value of food grain 
Embaby et al (2006) made a study on seed-borne fungi of some legumes. 
Isolation trials belonged to several fungal and bacteria isolates. Fungal isolates were 
of five fungal flora namly Alternaria, Aspergilles, Epicoccum, Fusarium and 
Trichoderma. In this experiment Agar plate (PDA medium) was superior for seed 
testing than blotter method and gave higher numbers of colony fungi and bacteria 
with all tested of legume seeds crops. Also, disinfected seeds record higher percentage 
of germination in comparison with non- disinfected seeds in both blotter and PDA 
methods. Disinfected seeds gave less fungal colony than did non- disinfected seeds in 
all the three of legume crops, (bean, cowpea and lupine seeds). The ability of some 
isolated fungi for production of mycotoxins was studied, aflatoxins were detected 
with some isolate of Aspergillus flavus, fumonisins were detected in some isolate of 
Fusarium oxysporum in infected bean seeds. In this study, biochemical analysis of 
artificialy infected of some legume seeds with mycotoxin produced isolate of 
Aspergillus flavus decreased the percentage of protein, carbohydrates, fat, fibers and 
ash content compared with the healthy of legume seeds in all the three tested crops. 
Fat was the most affected component which showed zero percent in infected bean 
seeds as well as in infected Cowpea, while ash was less affected.  
Malaker et al (2009) conducted an experiment to determine the effect of 
different levels of black point infection caused by Bipolaris sorokiniana and other 
fungal pathogens on some quality characters of wheat grain. Wheat grains were 
graded on a 0-5 scale based on levels of black point infection. In the study quality 
characters of grain viz., protein, fat, dry matter, ash and mineral contents under 
different grades were determined following standard methods. The dry matter and ash 
contents of grain decreased while the contents of protein and fat increased with the 
increasing severity of black point infection. His observations on macro and micro 
nutrient contents of grain indicated that the amount of nitrogen, phosphorus, calcium, 
magnesium, sulphur, and boron increased, whereas the contents of potassium, iron, 
zinc, copper and sodium decreased with the increase of black point infection. 
   Review of literature 
75 
 
However, the reductions in copper content of black point affected grains under 
different grades of infection were not significant as compared to apparently healthy 
grains. 
Al-Abdalall et al (2010) studied the effect of Rhizoctonia solani, Fusarium 
culmorum and F. oxysporum, (root rot disease) on the growth and yield of wheat and 
barley plants. Wheat cv. Yecorarogo and barley cv. Gustuo were planted in soil 
artificially infected with R. solani, F. culmorum and F. oxysporum. In this experiment 
a significant decrease in the growth and yield parameters (the length, fresh and dry 
weight of roots and shoots, and the number of grains for each spike) of infected plants 
when compared with healthy plants. Generally, fungi damaged wheat plants more 
than barley plants. R. solani had the greatest effect on the growth and yield of wheat 
and barley. F. oxysporum had the greatest effect on the content of biochemical 
compounds in all cases of infection. Total carbohydrates, proteins and fats decreased 
in the ranges of 23.28-82.77, 0.55-76.62 and 28.45-79.25%, respectively. 
Rehman et al (2011) made a study at Pakistan on  prevalent wheat seed-borne 
mycoflora and its effect on the nutritional value of, freshly harvested three and six 
months old stored wheat grains. In this experiment for the isolation of seed-borne 
fungi, agar plate method was found more effective as compared to standard blotter 
method. Alternaria alternata was recorded as to be the most prevalent fungus.  
Experiment on chemical analysis of seeds clearly showed a decrease in the 
carbohydrate, fats and ash contents of stored wheat grains as compared to the freshly 
harvested seeds with no effect on total proteins. The growth of A. alternata on seeds 
during storage might have resulted in low nutritional contents. 
Swami et al (2011) made a study on the seed borne species of Alternaria, 
Aspergillus, Fusarium and Penicillium associated with deterioration of wheat seeds 
during storage. In this experiment forty seven (47) species belonging to four genera 
were isolate by using standard methods. Highest number of species are those of 
Aspergillus and least of Alternaria. Most of the species confirm their pathogenic 
nature. Weight loss has been recorded to be highest for Aspergillus flavus and least by 
Fusarium chlamydosporum. In this experiment per cent loss of carbohydrate, protein 
and phosphorus has been found to be in between 0.60 - 4.80, 0.52-1.82 and 2-8 
respectively by different species of these four genera. 
Review of literature 
 
76 
 
Abdel-Fattah et al (2012) performed a pot experiment to examine the effects 
of three different arbuscular mycorrhizal fungi, Glomus mosseae, G. deserticola and 
Gigaspora gergaria, on growth and nutrition of wheat (Triticum aestivium L. cv. 
Henta) plants grown in saline soil. He observed that under saline condition, 
mycorrhizal inoculation significantly increased growth responses, nutrient contents, 
acid and alkaline phosphatases, proline and total soluble protein of wheat plants 
compared to non-mycorrhizal ones. Those stimulations were related to the metabolic 
activity of the each mycorrhizal fungus.  
Begum et al (2013) reviewed the article to explain the relationship between 
seed-borne pathogens and seed quality deterioration and relative biochemical changes 
that occur in seeds. Intensive crop improvement programme has resulted in the 
development of large number of high yielding varieties in different crops including 
groundnut. Thus, production and distribution of quality seeds to the farmers become 
increasingly important factor. The initial seed quality and storage environment are 
important to prolong the shelf life of the seeds but the invasion of fungal pathogens 
also play a major role in decreasing the viability of a seed lot in groundnut. According 
to studies it is necessary to study the seed quality changes that occur during storage of 
seeds as result of changes in biochemical constituents of seeds due to fungal infection. 
Kumar et al (2014) performed an experiment on biochemical qualities of 
wheat seeds infected with A.flavus. In this experiment grain samples of five 
commonly grown wheat varieties viz.WH-542, PBW-343, UP-2003, Kundan and 
WH- 502 were collected from three different storage centers i.e. Farmers house, Ware 
house and F.C.I Storage houses of Bihar state. Five samples of each commonly grown 
varieties were collected from different places and mixed well. Surface sterilized wheat 
grains were inoculated with 0.5 ml of A .flavus spore suspension (2x10² spores/ml) of 
the respective fungal species. Inoculated wheat grains were kept in conical flask at 
different temperatures i.e. 100ºC, 200ºC, 300ºC,400ºC and 500ºC for 7, 14, 21 and 28 
days respectively. He also studied the wheat grains deterioration based on 
biochemical qualities –Total Carbohydrate (Starch, Maltose), Protein (crude protein, 
gluten), Fiber (crude fiber) and Fats at 7 days interval up to 28 days at different temp. 
i.e. 100ºC, 200ºC, 300ºC, 400ºC and 500ºC. Results revealed that maximum 
deterioration of all the nutritive contents along with minerals was recorded as 23% 
after 28 days at 300ºC followed by 200ºC and 400ºC. Maximum deterioration was 
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noticed at 300C after 28 days in Kundan and UP 2003 varieties followed by WH- 542, 
PBW-343 and WH-502. However, deterioration was observed as nil at 100ºC and 
500ºC. 
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                                           MATERIALS AND METHODS 
Five varieties of wheat and maize seeds were collected in gunny bags from the Quarsi 
agricultural farm of Aligarh district of U.P India. These samples were collected in 
gunny bags and stored at room temperature at 28o C till the processing. The samples 
were examined for the presence of seed borne fungal flora according to the 
International rules for seed testing (ISTA). 
International rules for seed testing (Annonymous, 1996) were followed throughout the 
present investigations. Microscopic examination of wheat and maize seeds revealed 
that seeds of all the varieties of wheat posses injuries to varying extent. Detailed 
examination of the seeds has shown that the seeds can be classified on the basis of 
extent of injury in the three categories viz., seeds having minor cracks, cracks without 
exposed embryo and cracks with exposed embryo. Following laboratory procedures 
for seed health testing of different samples of wheat and maize were followed during 
the studies. 
· Evaluation of seed health testing methods in In-vitro conditions. 
· Transmission studies 
· Management strategies for overcoming seed borne fungal infections of wheat 
and maize. 
· Pathogenicity of seed borne infections. In pot experiment/ glass house 
conditions ( In vivo) 
· Management strategies with Botanicals, Bio-control agents and Fungicides in 
pot experiment. 
· Statistical analysis 
General Laboratory Procedure 
Glassware Cleaning 
 Borosil and corning glasswares were used for all the laboratory experimental 
studies. They were kept for a day in the cleaning solution containing 50 g potassium 
dichromate and 50 ml of concentrated sulphuric acid in 1 liter of water. Then they 
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were cleaned by washing with detergent solution followed by rinsing several times in 
tap water and finally with distilled water. 
Sterilization 
 All the glasswares used in the studies were sterilized in an autoclave at 15 lbs 
pressure for 20 min. 
LAB EXPERIMENTS 
Experiment-1 Inspection of dry seeds of Wheat and Maize  
 The inspection of dry seeds is a method to detect the presence of fruiting 
structures of fungi and the effects of fungi on the physical appearance of seeds.  Seed 
sample of  five varieties of wheat and maize were collected. The seeds were subjected 
to visual observation and examination under stereoscopic microscope. 
 Seeds that showed distinct symptoms were selected and thereafter categorized 
into three groups, viz. discoloured seeds, wrinkled seeds and seeds with discoloured 
embryo ends. Discoloured seeds were further sub-grouped into seeds with white 
streaks and seeds with brown spots. 
 Identification based in their colour, spore morphology and mycelia growth 
using the light microspore (Begum et al., 2004, Chuku et al., 2007, Al-Sheikh, 2009). 
The fungi were identified according to the manuals of Thom and Raper (1945), Raper 
and Thom (1949), Booth (1971), Ellis (1971) and Barnett and Hunter (1972). 
Evaluation of seed health testing methods  in-vitro study 
 Experiment 2 - Screening of seed samples of wheat and maize varieties by 
Isolation Methods 
BLOTTER METHOD 
 All five wheat and maize varieties were screened by blotter method. The 
blotter method is one of the incubation methods where the moderately infected 
unsterilized seeds and surface sterilized seeds (by dipping in 0.1% aqueous mercuric 
chloride for 2-3 minutes followed by the washing with sterilized water before plating) 
were placed on water soaked filter papers, and incubated for 8 days under 12th 
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alternating cycles of light and darkness. After incubation, fungi were developed on the 
seeds were examined under different magnification of a stereomicroscope for   
identification. The identification of the fungi is based on the way they grow on the 
seeds and on the morphological characters of fruiting bodies, spores / conidia 
observed under a compound microscope. 
Facilities and Equipment 
* Compound microscope (magnification up to x 400) 
* Stereomicroscope (magnification at least up to x 50 fitted with two lamps) 
* Petri dishes  
* Filter papers 
* Beaker, forceps, glass slides and cover slips 
* Distilled water 
 AGAR PLATE METHOD  
The agar plate method, is another popular method in which seeds (untreated and 
surface sterilized) are plated on an agar medium and the plated seeds are usually 
incubated for 5-7 days at 22-250oC under 12th alternating cycles of light and 
darkness. At the end of the incubation period, fungi growing out from seeds on the 
medium are examined and identified. Identification is based on colony characters and 
morphology of sporulating structures under a compound microscope. 
Preparation of the media 
*    With calculated amount of ingredients agar medium was prepared and sterilized in 
conical flasks at 15 lb pressure/inch2 for 15 minutes. 
*   Before pouring, the agar medium was cool down to around 50oC and an antibiotic 
was added in the agar medium, (e.g 0.3 g streptomycin sulphate in 1000 ml agar). 
*   Approximately 15 ml of the agar medium was poured per dish and the dishes were 
left to solidify the medium before plating the seeds.  
 Sterilized petriplates of 9 cm diameter containing the potato dextrose agar 
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media were used. In each petriplate 10 seeds were placed. Three hundred seeds were 
used for each sample. Petriplates were incubated at 20±2oC for 8 days with cycles of 
12 hours light and 12 hours darkness. After 8 days of incubation fungi which 
developed on the seeds were examined for identifications. 
The composition of PDA  
Peeled and sliced potato - 200 g 
Dextrose   - 20 g 
Agar-Agar   - 20 g  
Distilled water  - 1000 ml 
Deep freezing method: The procedure is similar to the blotter method. Three 
hundred moderately infected seeds were placed at the rate of 10 seeds per plate on 
moistened blotters in the way as described under Standard blotter method. The Petri 
plates were incubated at 20± 2ºC for 24 h under alternate cycles of 12 h NUV light 
and darkness, for next 24 hours the plates are incubated at –20ºC in dark and then kept 
back under original conditions for next six days. After eight days of incubation, the 
seeds were examined under stereo-binocular microscope (Khare, 1996). 
Test tube - seedling symptoms test:  The test tube slants were prepared by pouring 5 
ml of 2.5 % water agar in each test tube and sterilized in an autoclave for 15 minutes 
and 15lb pressure at 121oC. The sample having highest percentage of seed infection 
(untreated and surface sterilized) were employed in this experiment. Hundred seeds of 
seed sample were used at the rate of one seed per test tube and test tubes were 
properly plugged with cotton. The test tubes with the seeds were incubated for 8 days 
under 12th alternating cycles of light and darkness.  
Preparation of water agar 
Ingredients  
D.W. - 1 L 
Agar – 15 g 
Autoclaved mixed ingredients were cool to 50-55oC. 
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Observation and Calculations  
Observations were recorded on the rapidity of seed borne infection by different fungal 
flora in each experiment, and the per cent of infection was calculated by using the 
formula. Germination percentage of seeds was also recorded.  
The frequency of the fungus was calculated by the following formula: No. of seeds containing a particular fungusTotal seeds used × 100 
Identification of fungi: After incubation the growth characters as well as percentage 
of infection were recorded. In order to maintain the pure culture, the fungi were 
inoculated on the sterile PDA and incubated for 7 days, at the end of which the fungi 
were identified on the basis of their colour, spore morphology and mycelia growth 
using the light microscope. (Begum et al., 2004; Chuku et al., 2007, Al-Sheikh, 
2009). These fungal cultures were maintained on PDA medium for future tests of 
pathogenicity . 
Experiment 2- Seed to seedling transmission and pathogenic studies 
and location of the pathogen in the seeds.  
Five fungal flora viz. Alternaria triticina. Ustilago tritici, Fusarium moniliforme, 
Aspergillus niger and Bipolaris sorokiniana, isolated from all four incubation 
methods and maintained on PDA medium were used for the pathogenicity 
experiments. Pure culture of the above fungi were continuously maintained on PDA 
by re inoculation after every 15 days. 
PATHOGENICITY TEST OF CERTAIN IMPORTANT FUNGI:  
Seed to plant, transmission studies were carried out both under in vitro and pot culture 
studies. Under in vitro condition, seed to seedling transmission test was carried out by 
employing blotter method and seedling symptom test. 
Pathogenicity test on blotter sheaths: For pathogenicity tests 100 surface sterilized 
healthy seeds were rolled on an actively growing culture of different fungi and were 
placed over moist blotter paper in sterilized petriplates and incubated as described 
earlier. Equal no of un-inoculated seeds were also kept to serve as control. 
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Germination percentage and symptoms production if any was observed up to 20 days. 
Test-tube cotton scawb method : Test tubes  were prepared by filling 1/4th of cotton 
in the bottom of the tube. Sterilized distilled water (20 ml) was added in each tube and 
lids were covered with aluminum foil and were autoclaved. Seeds of wheat and maize 
(three seeds/tube) were surface disinfected with 1% mercuric chloride and placed on 
the moist cotton swab in the test tube separately. One disk of 5 mm of each fungal 
isolates containing (3.2x104 spores/disk) were placed adjacent to the seed (Giri et al. 
2001). After inoculation tubes were again covered with aluminum foil and were 
placed in incubator at 25oC. 
Standardization of method: Method was standardized by the application of two 
treatments. 
(i) Inoculum with seeds: Described as above.  
(ii) Inoculum after initiation of roots: The seeds were first allowed to germinate on 
cotton swab. When the roots appeared and seedlings become 5 days old, the inoculum 
disc was placed on the roots. After 30 days when symptoms appeared, the data was 
recorded in same fashion as above. The data was recorded on a revised (0-5) scale 
(Anonymous, 1996). The revised scale was 0 = no symptoms, 1 = 1-5% spots on 
leaves, 2 = 6-20% spots on eaves, 3 = 21-40% spots on leaves, 4 = 41-60% spots on 
leaves, 5 = 61% and above spots on leaves (Anonymous, 1996). Later the data was 
subjected to analysis of variance and means interaction by computer software. 
Pathogenicity test under net house condition. 
Three different methods were used for pathogenicity of fungi in net house conditions 
for wheat and maize seeds separately. 
Preparation of spore suspension:  
All the five fungal culture were cultured on Richard’s liquid medium (Riker and 
Riker. 1936) having following composition for the preparation of spore suspension. 
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Potassium nitrate 10.0 g 
Potassium dihydrogen phosphate 5.0 g 
Magnesium sulphate 2.5 g 
Ferric Chloride 0.02 g 
Sucrose 50.0 g 
Distilled water 1000 ml 
The medium was prepared and filtered through muslin cloth, sterilized in an 
autoclave at 103.4 K Pa for 15 minutes in 250 ml Erlenmeyer flasks each containing 
80 ml of liquid medium. The fungus was inoculated in each flask with the help of 
inoculation needle. Inoculated flasks were incubated at 25 ± 1oC for about 15 - 20 
days to allow sufficient growth of the fungus. Pure cultures of fungi were 
continuously maintained on PDA by re inoculation after every 15 days. After 
incubation for about 15 days the liquid medium from each flask was filtered through 
Whatman filter paper No. 1. The mat of fungal mycelium of each fungus was washed 
in distilled water and was collected on blotting sheets to remove excess of water and 
nutrients. The inoculums of fungi were prepared separately by mixing 10 g fungal 
mycelium of each fungus in 100 ml of distilled water and blending it for 30 second in 
a Waring blender and sieved though double layer cheese cloth. Spore concentration 
was adjusted for each fungal inoculum with the help of heamocytometer. A pinch of 
CMC was added per 100 ml of suspension before application.  
Spore suspension spray method: Surface sterilized seeds of wheat and maize seeds 
(three seeds/pot) were sown in plastic pots containing sterilized soil and placed in 
glass house. At seedling stage (at 2-3 leaf stage after plating for 15 days) plants were 
sprayer with a spore suspension as prepared earlier of each fungus containing 3.0 x 
104 spore/ml at three replication. Disease severity was observed on 0-5 scale upon the 
appearance of spots on the leaves, roots, and seedlings after four weeks.  
Inoculum disk method: Surface sterilized seeds (1% mercuric chloride) were sown 
in the autoclaved soil in plastic pots. Three seeds/pot were sown with a 5 mm disk of 
7 days old fungal culture (approximately containing 3.2 x104 spores/disk). Disk was 
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placed adjacent to seeds. Disease severity was observed on 0-5 scale upon the 
appearance of spots on the leaves, roots, and seedlings after four weeks.  
 Seed coating method: Seeds were surface sterilized with mercuric chloride (1%) and 
rinsed thrice with sterilized distilled water. Few drops of Tween-20 were sprayed on 
these seeds and then were put on the actively grown cultures of fungus. The seeds 
were mixed in the mature cultures with the help of a rod so that maximum spores may 
stick with the seeds. Later these seeds were sown in the pots as in the above method 
and were kept in green house. Disease severity was observed on 0-5 scale as above. 
Experiment 3- Screening of Biocontrol agents, Botanicals and 
Fungicides by Dual culture method and Poisoned food technique  in-
vitro study. 
Dual culture method was used for the antagonistic activity of four biocontrol agents 
viz, Trichoderma harzianum, Trichoderma viride, Pseudomonas fluorescens, and 
Bacillus subtilis  in in-vitro condition and four fungicides viz., Carbendazim 
(Bavistin), Vitavax (Carboxin), Mancozeb (Dithane M-45) and Benlate (Thiram) were 
selected and screened by poisoned food technique. For the antifungal properties of 
plant extract seven plant viz., Eucalyptus globulus, Lantana camara, Calotropis 
procera, Ocimum sanctum, Datura alba, Ricinus comunis and Euphorbia hirta were 
selected and screened with poisoned food technique. The observations were recorded 
in the form of linear growth of fungal pathogen in millimeter (mm) .The linear growth 
was measured up to the growth in control plate when filled completely. Per cent 
inhibition over control was worked out according to formula given by Vincent (1947). 
Antagonistic activity of Biocontrol agents by Dual culture method  
The mycoparasitic action of the antagonistic organisms T. viride, T harzianum, P. 
fluorescens and Bacillus subtillus was evaluated against Alternaria triticina, 
Alternaria alternata, Fusarium solani, Bipolaris sorokiniana, and Fusarium solani  in 
laboratory by the dual culture technique. PDA medium was prepared and 20 ml of 
melted cooled (45-50o) PDA was poured in each petri plates and leave the medium to 
solidify. Discs (5 mm) of the fungal antagonists as well as the pathogen were cut with 
the help of sterilized cork borer from the edge of 7 days old culture and then placed 
apart on solidified PDA medium. Bacterial isolates P.fluorescens and B.subtillus were 
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grown on NA medium. For the P.fluorescens and b.subtillus - PDA plates were first 
inoculated with the pathogen disc on the first day, followed by the streaking of the 
prepared culture of the P, fluorescens and b.subtillus at one end of the petriplate on 
the second day. Triplicates were maintained for each treatment. The plates were 
incubated (28oC) for 7 days. Inhibition of mycelial growth by each antagonist was 
recorded on the basis of radial growth and reduction percentage in dual culture and 
compared with that of the control (having only pathogen 90 mm) plate. 
Effecacy of fungicides on the growth of fungi by Poisoned food method 
Four fungicides viz., Carbendazim (Bavistin), Vitavax (Carboxin), Mancozeb 
(Dithane M-45) and Benlate (Thiram) were evaluated against mycelial growth of 
Alternaria triticina, Alternaria alternata, Fusarium solani, Bipolaris sorokiniana, and 
Fusarium solani . Fungicides were used @ 100, 300, 500, ppm concentration and 
mixed well the autoclaved PDA medium. Five mm diameter agar disk of test fungi 
were cut from 8-10 days old culture plate by using sterile cork borer and placed in the 
centre of Petri plates containing different concentration of fungicides. Triplicates were 
maintained for each treatment. The plates without fungicides served as control. The 
inoculated plates were incubated at 28oC for 7 days. Inhibition of mycelial growth by 
each fungicides was recorded on the basis of radial growth and reduction percentage 
in dual culture and compared with that of the control.  
Antifungal activity of Botanicals on the growth of fungi by Poisoned food method 
Seven botanicals viz., Eucalyptus globules, Lantana camara, Calotropis procera, 
Ocimum sanctum Datura alba, Ricinus comunis and Euphorbia hirta were evaluated 
against mycelial growth of Alternaria triticina, Alternaria alternata, Fusarium solani, 
Bipolaris sorokiniana, and Fusarium solani . Plant extracts were used at 5, 10 and 20 
% concentration for which 5, 10  and 20  ml of stock solution was mixed with 95, 90 
and 80 ml of sterilized molten PDA media. The medium was thoroughly shaken for 
uniform mixing of extract. Twenty ml of medium was poured into sterile Petriplates 
and allowed to solidify the medium. Five mm diameter agar disk of test fungi were 
cut from 8-10 days old culture plate by using sterile cork borer and placed in the 
centre of Petri plates containing different concentration of plant extract. There were 
three replicates of each treatment. The plates without plant extract served as control. 
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The inoculated plates were incubated at 28oC for seven days. Inhibition of mycelial 
growth of by each plant extract was as in previous methods recorded.  
Preparation of cold aqueous plant extracts 
Fresh plant leaves were collected, detached and surface sterilized with 1% mercuric 
chloride and. washed first in tap water then in distilled water and blot dried. Hundred 
grams of fresh sample was chopped and then crushed in a surface sterilized pestle and 
mortar by adding 100 ml sterile water (1:1 w/v). The extract was filtered through two 
layers of muslin cloth and was used as stock solution in the above experiment. 
Experiment 4-Management strategies for seed-borne fungal 
infections of wheat and maize through seed priming. 
Seed priming using biocontrol agents 
For the seed treatment with biocontrol agents, moderately infected seeds were primed 
with homogenized mycelial mat of Trichoderma viride, T. harzianum, and Bacterial 
isolates of P.fluorescens and B.subtillus of seed grown in potato dextrose broth at 
4g/kg of seed. A pinch sodium salt of carboxy methyl cellulose (CMC) was added 
with the mycelial mat as adhesive during priming so that mycelial mat forms a 
persistent coating on the seed surface. The seeds along with the mycelial mat were 
shaken gently in a wrist action shaker for 5 min to get a uniform coating on the seeds. 
Treated seeds were dried on clean blotter sheets overnight under room temperature 
than placed on moist blotter paper and PDA medium and incubated for 8 days under 
12th alternating cycles of light and darkness. After 8 days of incubation, fungi 
developed on seeds were examined. Percentage of seeds germination and frequency of 
fungi was calculated. Seeds soaked in distilled water served as controls. 
Seed priming with fungicides 
For the seed treatment with fungicides, moderately infected seeds and required 
amount (as they found to be effective in poisoned food technique) of each fungicides 
were placed in container and agitated vigorously for 10 min until the seeds were 
uniformly primed with fungicide dust. Treated seeds were then placed on moist 
blotter paper and PDA medium and incubated for 8 days under 12th alternating cycles 
of light and darkness. After incubation, fungi developed on seeds were examined. 
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Surface sterilized seeds (0.1% aqueous mercuric chloride) served as controls. After 8 
days the number of seeds germination and frequency were calculated as above. 
Seed priming using plant extracts  
For the seed treatment with seven plant extracts, moderately infected wheat and maize 
seeds were treated with each of the plant extracts involving soaking the seeds in 20 
per cent concentration (as it was found to be most effective in controlling fungi in 
poison food technique) for 12 hours. Treated seeds were dried on clean blotter sheets 
overnight under room conditions than placed on moist blotter paper and PDA medium 
and incubated for 8 days under 12th alternating cycles of light and darkness. After 
incubation, seeds were examined for fungal development. Seeds soaked in distilled 
water served as controls. Frequency of fungi and percentage germination of seeds 
were calculated. 
POT EXPERIMENTS   
1.Pathogenicity test under pot condition 
Pathogenicity test was conducted in pot condition to determine the inoculum 
threshold levels of Altenaria triticina and Ustilago tritici on wheat and 
Colletotrichum graminicola and Aspergillus flavus on maize plant with different 
inoculation methods. For the pathogenicity test surface sterilized seeds were treated 
with spore suspension and then dried on blotter sheeths for 4 to 6 hours before 
sowing. And then seeds were sown 2 cm deep in earthen pots (25 cm diameter) filled 
with sterilized soil.  After 110 days of sowing the growth parameters like shoot 
length, root length, shoot and root fresh weight, shoot and root dry weight, 
chlorophyll content and number of grains/plant were recorded. 
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Experimental Design  
All the experiments were carried out in a randomized block design. 
Pathogenicity test on wheat and maize - In order to determine inoculum threshold 
level of pathogens on wheat and maize plants, following inoculum levels were 
incorporated. 
Pathogens 
Inoculum 
level 1 
Inoculum 
level 2 
Inoculum 
level 3 
 
Inoculum 
level 4 
 
Inoculum 
level 5 
 
A. triticina  (Spray)   2x104    3x104    4x104     5x104     6x104 
U. tritici ( Seed treatment) 1.5 x103 1.5 x104 1.5 x105 1.5 x106 1.5 x107 
C.graminicola   (Spray) 1.2x104 1.2x105 1.2x106 1.2x107 1.2x108 
A. flavus   (Cob 
inoculation) 
1x104 1x105 1x106 1x107 1x108 
 
2. Management studies for the two common diseases of wheat and maize 
Treatments Seed Priming Spray treatments 
Trichoderma harzianum 1x108 1x108 
Trichoderma viride 1x108 1x108 
Pseudomonas fluorescens 1x108 1x109 
Bacillus subtilis   1x108 1x108 
Carbendazim 2.5 gm/kg seeds 500 ppm 
Vitavax 2.0 gm/kg seeds 500 ppm 
Mancozeb 1.5 gm/kg 500 ppm 
Benlate 2.0 gm/kg seeds 500 ppm 
Botanicals 20% 20% 
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Experimental set up and growth analyses 
1A. Effect of Biocontrol agents alone or in combination with FYM on Alternaria leaf 
blight infection on wheat plant 
FYM – Farmyard manure, TH-  Trichoderma harzianum   ,TV- Trichoderma viride ,  PF- 
Pseudomonas fluorescens,  BS - Bacillus subtilis 
 
 
 
 
 
 
 
Treatments Methods of Application 
Control Untreated 
AT Inoculated with Alternaria triticina  
Control + FYM Uninoculated and soil amended with FYM 
TH Spray only 
TV 
PF 
BS 
TH+ AT Spray treatment +inoculated pathogen  
TV+ AT 
PF+  AT 
BS+  AT 
TH+  AT Seed treatment +inoculated pathogen  
TV+  AT 
PF+  AT 
BS+  AT 
TH +FYM+  AT Seed treatment with biocontrol→spray of 
pathogen→ Spray of biocontrol→ in 
FYM amended soil 
TV +FYM+  AT 
PF +FYM+  AT 
BS +FYM+  AT 
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1B. Effect of fungicides alone or in combination with FYM on Alternaria leaf 
blight infection on wheat plant 
Treatments Methods of Application 
Control Untreated 
AT Inoculated with Alternaria triticina 
Control + FYM 
Uninoculated and soil amended with 
FYM 
CA Spray only 
MA 
BE 
VI 
CA+ AT Spray treatment +inoculated pathogen 
MA+ AT 
BE+ AT 
VI+ AT 
CA + AT Seed treatment +inoculated pathogen 
MA+ AT 
BE+ AT 
VI+ AT 
CA +FYM+ AT Seed treatment with fungicides →spray of 
pathogen→ Spray of fungicides→ in 
FYM amended soil 
MA +FYM + AT 
BE+FYM + AT 
VI +FYM + AT 
FYM – Farmyard manure, CA- Carbendazim,  MA- Mancozeb, BE- Benlate, VI- Vitavax 
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1C. Effect of botanicals alone or in combination with FYM on Alternaria leaf 
blight infection on wheat plant 
Treatments Methods of Application 
Control Untreated 
AT Inoculated with Alternaria triticina  
Control + FYM Uninoculated and soil amended with FYM 
EG Spray only 
OS 
CP 
DS 
EG+ AT Spray treatment +inoculated pathogen 
OS+ AT 
CP+ AT 
DS+ AT 
EG+ AT Seed treatment +inoculated pathogen 
OS+ AT 
CP+ AT 
DS+ AT 
EG +FYM + AT Seed treatment with botanicals→spray of 
pathogen→ Spray of botanicals → in 
FYM amended soil 
OS +FYM + AT 
CP + FYM+ AT 
DS + FYM+  AT 
AT - Alternaria triticina, FYM - Farmyard manure,  EG - Eucalyptus globulus,  OS - Ocimum 
sanctum,  CP - Calotropis procera,  DS - Dhatura stramonium 
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1D.Effect of Biocontrol agents, botanicals and fungicides as seed treatment and 
spray in combination with FYM on Alternaria leaf blight infection on wheat 
plant 
Treatments Methods of Application 
Control Untreated 
AT 
Inoculated with Alternaria triticina 
pathogen 
Control + FYM Uninoculated and soil amended with FYM 
CA+TH+ AT Seed treatment (CA)  → Spray (AT) 
→ Spray (TH)/(PF)/(EG)/(OS)→ in FYM 
amended soil 
CA+PF+ AT 
CA+EG+ AT 
CA+OS+ AT 
TH+CA+ AT Seed treatment (TH)  → Spray (AT) 
→ Spray (CA)/(PF)/(EG)/(OS)→ in FYM 
amended soil 
TH+PF+ AT 
TH+EG+ AT 
TH+OS+ AT 
PF+TH+ AT Seed treatment (PF)  → Spray (AT) 
→ Spray (TH)/(CA)/(EG)/(OS)→ in FYM 
amended soil 
PF+CA+ AT 
PF+EG+ AT 
PF+OS+ AT 
EG+TH+ AT Seed treatment (EG)  → Spray (AT) 
→ Spray (TH)/(PF)/(CA)/(OS)→ in FYM 
amended soil 
EG+PF+ AT 
EG+CA+ AT 
EG+OS+ AT 
OS+TH+ AT Seed treatment (OS)  → Spray (AT) 
→ Spray (TH)/(CA)/(PF)/(EG)/(OS)→ in 
FYM amended soil 
OS+PF+ AT 
OS+CA+ AT 
OS+EG+ AT 
AT -Alternaria triticina, FYM -Farmyard manure, TH- Trichoderma harzianum,   PF- 
Pseudomonas fluorescens, CA- Carbendazim, EG-    Eucalyptus globulus, OS - Ocimum 
sanctum 
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2A.Effect of Biocontrol agents alone or in combination with FYM on loose smut 
infection on wheat plant 
FYM – Farmyard manure, TH-  Trichoderma harzianum   ,TV- Trichoderma viride ,  PF- 
Pseudomonas fluorescens,  BS - Bacillus subtilis  
 
 
 
 
 
 
 
Treatments Methods of Application 
Control Untreated 
UT Inoculated with Ustilago tritici  
Control + FYM Uninoculated and soil amended with FYM 
TH Spray only 
TV 
PF 
BS 
TH+ UT Spray treatment +inoculated pathogen 
TV+ UT 
PF+  UT 
BS+  UT 
TH+  UT Seed treatment +inoculated pathogen 
TV+  UT 
PF+  UT 
BS+  UT 
TH +FYM+  UT Seed treatment with biocontrol→spray of 
pathogen→ Spray of biocontrol→ in FYM 
amended soil 
TV +FYM+  UT 
PF +FYM+  UT 
BS +FYM+  UT 
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2B. Effect of fungicides alone or in combination with FYM on loose smut infection 
on wheat plant 
Treatments Methods of Application 
Control Untreated 
UT Inoculated with Ustilago tritici  
Control + FYM 
Uninoculated and soil amended with 
FYM 
VI Spray only 
CA 
MA 
BE 
VI+ UT Spray treatment +inoculated pathogen 
CA+ UT 
MA+ UT 
BE+ UT 
VI + UT Seed treatment +inoculated pathogen 
CA+ UT 
MA+ UT 
BE+ UT 
VI +FYM+ UT Seed treatment with fungicides →spray of 
pathogen→ Spray of fungicides → in 
FYM amended soil 
CA +FYM + UT 
MA+FYM + UT 
BE +FYM + UT 
FYM – Farmyard manure, VI- Vitavax, CA- Carbendazim, MA- Mancozeb, BE- Benlate 
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2C.Effect of botanicals alone or in combination with FYM on loose smut infection 
on wheat plant 
Treatments Methods of Application 
Control Untreated 
UT Inoculated with Ustilago tritici 
Control + FYM Uninoculated and soil amended with FYM 
EG Spray only 
OS 
CP 
DS 
EG+ UT Spray treatment +inoculated pathogen 
OS+ UT 
CP+ UT 
DS+ UT 
EG+ UT Seed treatment +inoculated pathogen 
OS+ UT 
CP+ UT 
DS+ UT 
EG +FYM + UT Seed treatment with botanicals→spray of 
pathogen→ Spray of botanicals → in 
FYM amended soil 
OS +FYM + UT 
CP + FYM+ UT 
DS + FYM+  UT 
UT – Ustilago tritici, FYM - Farmyard manure,  EG - Eucalyptus globulus,  OS - Ocimum 
sanctum,  CP - Calotropis procera,  DS - Dhatura stramonium 
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2D. Effect of Biocontrol agents, botanicals and fungicides as seed treatment and 
spray in combination with FYM on loose smut infection on wheat plant 
Treatments Methods of Application 
Control Untreated 
UT Inoculated with Ustilago tritici 
Control + FYM Uninoculated and soil amended with FYM 
VI+TH+ UT Seed treatment (CA)  → Spray (AT) 
→ Spray (TH)/(PF)/(EG)/(OS)→ in FYM 
amended soil 
VI+PF+ UT 
VI+EG+ UT 
VI+OS+ UT 
TH+VI+ UT Seed treatment (TH)  → Spray (AT) 
→ Spray (CA)/(PF)/(EG)/(OS)→ in FYM 
amended soil 
TH+PF+ UT 
TH+EG+ UT 
TH+OS+ UT 
PF+TH+ UT Seed treatment (PF)  → Spray (AT) 
→ Spray (TH)/(CA)/(EG)/(OS)→ in FYM 
amended soil 
PF+VI+ UT 
PF+EG+ UT 
PF+OS+ UT 
EG+TH+ UT Seed treatment (EG)  → Spray (AT) 
→ Spray (TH)/(PF)/(CA)/(OS)→ in FYM 
amended soil 
EG+PF+ UT 
EG+VI+ UT 
EG+OS+ UT 
OS+TH+ UT Seed treatment (OS)  → Spray (AT) 
→ Spray (TH)/(PF)/(CA)/(EG)→ in FYM 
amended soil 
OS+PF+ UT 
OS+VI+ UT 
OS+EG+ UT 
UT - Ustilago tritici, FYM -Farmyard manure, TH- Trichoderma harzianum,   PF- 
Pseudomonas fluorescens, VI-Vitavas , EG-    Eucalyptus globulus, OS - Ocimum sanctum 
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3A. Effect of Biocontrol agents alone or in combination with FYM on 
Anthracnose leaf blight infection on maize plant 
FYM – Farmyard manure, TH-  Trichoderma harzianum   ,TV- Trichoderma viride ,  PF- 
Pseudomonas fluorescens,  BS - Bacillus subtilis  
 
 
 
 
 
 
Treatments Methods of Application 
Control Untreated 
CG 
Inoculated with  Colletotrichum 
graminicola 
Control + FYM Uninoculated and soil amended with FYM 
TH Spray only 
TV 
PF 
BS 
TH+ CG Spray treatment +inoculated pathogen 
TV+  CG 
PF+   CG 
BS+   CG 
TH+   CG Seed treatment +inoculated pathogen 
TV+   CG 
PF+   CG 
BS+   CG 
TH +FYM+   CG Seed treatment with biocontrol→spray of 
pathogen→ Spray of biocontrol→ in FYM 
amended soil 
TV +FYM+   CG 
PF +FYM+   CG 
BS +FYM+   CG 
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3B. Effect of fungicides alone or in combination with FYM on Anthracnose leaf 
blight infection on maize plant 
Treatments Methods of Application 
Control Untreated 
CG 
Inoculated with Colletotrichum 
graminicola 
Control + FYM 
Uninoculated and soil amended with 
FYM 
CA Spray only 
MA 
BE 
VI 
CA+ CG Spray treatment +inoculated pathogen 
MA+ CG 
BE+ CG 
VI+ CG 
CA + CG Seed treatment +inoculated pathogen 
MA+ CG 
BE+ CG 
VI+ CG 
CA +FYM+ CG Seed treatment with fungicides →spray of 
pathogen→ Spray of fungicides→ in 
FYM amended soil 
MA +FYM + CG 
BE+FYM + CG 
VI +FYM + CG 
FYM – Farmyard manure, CA- Carbendazim,  MA- Mancozeb, BE- Benlate, VI- Vitavax 
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3C. Effect of botanicals alone or in combination with FYM on Anthracnose leaf 
blight infection on maize plant 
Treatments Methods of Application 
Control Untreated 
CG 
Inoculated with Colletotrichum 
graminicola 
Control + FYM Uninoculated and soil amended with FYM 
EG Spray only 
OS 
CP 
DS 
EG+ CG Spray treatment +inoculated pathogen 
OS+ CG 
CP+ CG 
DS+ CG 
EG+ CG Seed treatment +inoculated pathogen 
OS+ CG 
CP+ CG 
DS+ CG 
EG +FYM + CG Seed treatment with botanicals→spray of 
pathogen→ Spray of botanicals → in 
FYM amended soil 
OS +FYM + CG 
CP + FYM+ CG 
DS + FYM+  CG 
CG - Colletotrichum graminicola, FYM - Farmyard manure,  EG - Eucalyptus globulus,  
OS - Ocimum sanctum,  CP - Calotropis procera,  DS - Dhatura stramonium 
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3D. Effect of Biocontrol agents, botanicals and fungicides as seed treatment and 
spray in combination with FYM on Anthracnose leaf blight infection on maize 
plant 
Treatments Methods of Application 
Control Untreated 
CG 
Inoculated with Colletotrichum 
graminicola 
Control + FYM Uninoculated and soil amended with FYM 
CA+TH+ CG Seed treatment (CA)  → Spray (AT) 
→ Spray (TH)/(PF)/(EG)/(OS)→ in FYM 
amended soil 
CA+PF+ CG 
CA+EG+ CG 
CA+OS+ CG 
TH+CA+ CG Seed treatment (TH)  → Spray (AT) 
→ Spray (CA)/(PF)/(EG)/(OS)→ in FYM 
amended soil 
TH+PF+ CG 
TH+EG+ CG 
TH+OS+ CG 
PF+TH+ CG Seed treatment (PF)  → Spray (AT) 
→ Spray (TH)/(CA)/(EG)/(OS)→ in FYM 
amended soil 
PF+CA+ CG 
PF+EG+ CG 
PF+OS+ CG 
EG+TH+ CG Seed treatment (EG)  → Spray (AT) 
→ Spray (TH)/(PF)/(CA)/(OS)→ in FYM 
amended soil 
EG+PF+ CG 
EG+CA+ CG 
EG+OS+ CG 
OS+TH+ CG Seed treatment (OS)  → Spray (AT) 
→ Spray (TH)/(CA)/(PF)/(EG)/(OS)→ in 
FYM amended soil 
OS+PF+ CG 
OS+CA+ CG 
OS+EG+ CG 
CG- Colletotrichum graminicola, FYM -Farmyard manure, TH- Trichoderma harzianum,   
PF- Pseudomonas fluorescens, CA- Carbendazim, EG-    Eucalyptus globulus, OS - Ocimum 
sanctum 
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4A. Effect of Biocontrol agents alone or in combination with FYM on Aspergillus 
ear rot infection on maize plant 
FYM – Farmyard manure, TH-  Trichoderma harzianum   ,TV- Trichoderma viride ,  PF- 
Pseudomonas fluorescens,  BS - Bacillus subtilis  
 
 
 
 
 
 
 
Treatments Methods of Application 
Control Untreated 
AF Inoculated with   Aspergillus flavus 
Control + FYM Uninoculated and soil amended with FYM 
TH Spray only 
TV 
PF 
BS 
TH+ AF Spray treatment +inoculated pathogen 
TV+   AF 
PF+    AF 
BS+    AF 
TH+    AF Seed treatment +inoculated pathogen 
TV+    AF 
PF+ AF 
BS+    AF 
TH +FYM+ AF Seed treatment with biocontrol→spray of 
pathogen→ Spray of biocontrol→ in FYM 
amended soil 
TV +FYM+ AF 
PF +FYM+AF 
BS +FYM+ AF 
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4B. Effect of fungicides alone or in combination with FYM on Aspergillus ear rot 
infection on maize plant 
Treatments Methods of Application 
Control Untreated 
AF Inoculated with Aspergillus flavus 
Control + FYM 
Uninoculated and soil amended with 
FYM 
CA Spray only 
MA 
BE 
VI 
CA+ AF Spray treatment +inoculated pathogen 
MA+ AF 
BE+ AF 
VI+ AF 
CA + AF Seed treatment +inoculated pathogen 
MA+ AF 
BE+ AF 
VI+ AF 
CA +FYM+ AF Seed treatment with fungicides →spray of 
pathogen→ Spray of fungicides→ in 
FYM amended soil 
MA +FYM + AF 
BE+FYM + AF 
VI +FYM + AF 
FYM – Farmyard manure, CA- Carbendazim,  MA- Mancozeb, BE- Benlate, VI- Vitavax 
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4C. Effect of botanicals alone or in combination with FYM on Aspergillus ear rot 
infection on maize plant 
Treatments Methods of Application 
Control Untreated 
AF Inoculated with Aspergillus flavus 
Control + FYM Uninoculated and soil amended with FYM 
EG Spray only 
OS 
CP 
DS 
EG+ AF Spray treatment +inoculated pathogen 
OS+ AF 
CP+ AF 
DS+ AF 
EG+ AF Seed treatment +inoculated pathogen 
OS+ AF 
CP+ AF 
DS+ AF 
EG +FYM + AF Seed treatment with botanicals→spray of 
pathogen→ Spray of botanicals → in 
FYM amended soil 
OS +FYM + AF 
CP + FYM+ AF 
DS + FYM+  AF 
AF - Aspergillus flavus, FYM -Farmyard manure, TH- Trichoderma harzianum,   PF- 
Pseudomonas fluorescens, CA- Carbendazim, EG-    Eucalyptus globulus, OS - Ocimum 
sanctum 
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4D. Effect of Biocontrol agents, botanicals and fungicides as seed treatment and 
spray in combination with FYM on Aspergillus ear rot infection on maize plant 
Treatments Methods of Application 
Control Untreated 
AF Inoculated with Aspergillus flavus 
Control + FYM Uninoculated and soil amended with FYM 
CA+TH+ AF Seed treatment (CA)  → Spray (AT) 
→ Spray (TH)/(PF)/(EG)/(OS)→ in FYM amended 
soil 
CA+PF+ AF 
CA+EG+ AF 
CA+OS+ AF 
TH+CA+ AF Seed treatment (TH)  → Spray (AT) 
→ Spray (CA)/(PF)/(EG)/(OS)→ in FYM amended 
soil 
TH+PF+ AF 
TH+EG+ AF 
TH+OS+ AF 
PF+TH+ AF Seed treatment (PF)  → Spray (AT) 
→ Spray (TH)/(CA)/(EG)/(OS)→ in FYM 
amended soil 
PF+CA+ AF 
PF+EG+ AF 
PF+OS+ AF 
EG+TH+ AF Seed treatment (EG)  → Spray (AT) 
→ Spray (TH)/(PF)/(CA)/(OS)→ in FYM amended 
soil 
EG+PF+ AF 
EG+CA+ AF 
EG+OS+ AF 
OS+TH+ AF Seed treatment (OS)  → Spray (AT) 
→ Spray (TH)/(CA)/(PF)/(EG)/(OS)→ in FYM 
amended soil 
OS+PF+ AF 
OS+CA+ AF 
OS+EG+ AF 
AF - Aspergillus flavus, FYM -Farmyard manure, TH- Trichoderma harzianum,   PF- 
Pseudomonas fluorescens, CA- Carbendazim, EG-    Eucalyptus globulus, OS - Ocimum 
sanctum 
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Biochemical studies 
Estimation of protein content  
 The total protein content in seed was estimated by adopting the methodology 
of Lowry et al., (1951). 50 mg of oven dried seeds were transferred to a mortar. The 
sample was ground with the addition of 1 ml of 5 % trichloroacetic acid. The pulp 
was transferred to a glass centrifuge tube with repeated washing with 5 % TCA to 
make the final volume 5 ml the mixture was centrifuged at 4,000 rpm for 15 minutes 
and the supernatant was discarded. 5 ml of 1N NaOH was added to the residue. The 
tube was left in a water bath at 60°C for 30 minutes. After cooling for 15 minutes, the 
mixture was centrifuged at 4,000 rpm for 15 minutes. The supernatant was collected 
in 25 ml volumetric flask with repeated washings. The volume was made up to the 
mark by using 1N NaOH, and used to estimate total protein content. 
 1 ml of above extract was transferred to test tube and 5 ml of reagent C was 
added to it. The solution was shaken well and allowed to stand at room temperature 
for 15 minutes. 0.5 ml of folin phenol reagent (Folin and Ciocalteu’s) was added 
rapidly with immediate mixing the blue colour was developed. The absorbance of this 
solution was read at 660 nm using spectrophotometer. A blank was run with each set 
of samples. The total protein content was calculated by comparing the absorbance of 
each sample with a calibration curve plotted by taking known graded concentration of 
bovine albumin. 
Reagent A:  2% sodium carbonate and 0.1N NaOH were mixed in ratio 1:1. 
Reagent B:  0.5% copper sulpahte and 1% sodium tartarate were mixed in the ratio 
1:1. 
Reagent C:  50 ml of reagent A was mixed with 1ml of reagent B. 
Estimation of carbohydrate content 
The total carbohydrate content in seed was estimated by adopting the methodology of 
Yil and Clark (1965). 50 mg of oven dried seeds were transferred to a mortar.    0.25 g 
dried powder in 2.5 ml 1.5 N H2SO4 in glass centrifuge. Centrifuge at 15,000 rpm for 
10 minutes. Collect supernatant and make up to 12.5 ml with DDW. Take 1 ml of it 
and add 0.5 ml 5% distilled phenol. Place in chilled water and 2.5 ml conc. H2SO4 
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was added. Read absorbance at 490 nm. A blank was run simultaneously with each set 
of samples. Standard curve was plotted by using known graded dilutions of glucose. 
The absorbance of each sample was compared with calibration curve and percent 
carbohydrate content was noted on dry mass basis.  
Reagents: 
1. 1.5 N H2SO4 4.08 ml/100 ml 
2. 5% distilled Phenol 
Estimation of chlorophyll and carotenoid pigments 
The chlorophyll and carotenoid contents were estimated by the method of 
Arnon (1949). 100 mg of finely cut fresh leaves was ground to a fine pulp using a 
mortar and pestle after pouring of 10 ml of 80 % acetone. The suspension was filtered 
through Whatman No. 1 filter paper. The residue was washed three times, using 80% 
acetone. Each washing was collected in 100 ml volumetric flask and volume was 
made up to the mark using 80% acetone. The optical density (OD) of the solution was 
read at 645 and 663 nm for chlorophyll estimation and at 480 and 510 nm for 
carotenoid estimation using a spectrophotometer (Spectronic UV-1700, Shimadzu, 
Japan). The total chlorophyll and carotenoids contents were calculated using the 
following formula. 
  Chlorophyll a (mg/g FW) = 
12.7 (O.D 663)−2.69(O.D 645) x V
1000𝑥𝑊
 
                        
Chlorophyll b (mg/g FW) = 
22.9 (O.D 645)−4.68 (O.D 663)x V
1000𝑥𝑊
 
Total chlorophyll content (mg /g FW) = 20.2 (OD 645)  +  8.02 (OD 663) x V
W ×1000  
Total carotenoids content (mg /g FW) = 7.6 (OD 480) – 1.49 (OD 510) × V
d × W ×1000  
Where, OD = Optical density of the extract at the given wavelengths (645, 663,480 
and 510 nm)  
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V = Final volume of chlorophyll extract in 80 % acetone  
W = Fresh weight of leaf tissue (g)  
d = Length of light path (1 cm)  
GROWTH PARAMETERS STUDIED: 
Shoot length 
Shoot fresh weight 
Shoot dry weight 
Root length 
Root fresh weight 
Root dry weight 
Number of spikelets/Cobs per plant 
Number of grains/seeds per spikelets/Cobs 
BIOCHEMICAL PARAMETERS STUDIED: 
Chlorophyll content 
Carotenoid content 
Protein content 
Carbohydrate content 
Statistical analysis  
The data were analyzed by using one way analysis of variance. Least significant 
differences (L.S.D.) were calculated at p = 0.05.The analysis was performed by using 
software R (R Development Core Team, 2011). Graphs of protein and carbohydrate 
content were prepared using Sigma plot and error bars showing standard error. 
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EXPERIMENTAL RESULTS 
The present investigations were conducted in the Department of Botany, 
Aligarh Muslim University, Aligarh during the year 2011 to 2013. The materials used 
and methods followed in the research experiments are described in this chapter. 
Different techniques were employed to study the mycoflora associated with the seeds 
of different varieties of crop (A) Wheat and crop (B) Maize. Experimental studies 
were conducted in the laboratory conditions followed by pot experiments. Results 
obtained during the studies are grouped under two heads. 
(A)  Laboratory experiment results (Part 1) 
(B)  Pot experiment results (Part 2) 
Survey results of Aligarh field  
Aligarh is one of the important districts of western Uttar Pradesh, India. The 
district spreads from 27º88ºN to 78.08ºE and at an average elevation of 178 m (587 
feet) above sea level in the mid of Doab. Topographically the district represents a 
shallow soil formed by river Ganga in north-east and Yamuna in north-west.  
The city experiences humid subtropical type climate. Temperature ranges 
between 28-33ºC, maximum temperatures reaching up to 46-47 °C in the month of 
June. A scanty rainfall of 65 to 750 millimeters is seen throughout the year while in 
monsoon season, starts from June to October rainfall occurs 800 millimeters and 
humidity ranges 53-78%.The winter starts from November and ends in March, where 
December and January are the coldest months and average temperature ranges 
between 13-15 °C while the lowest temperature for any single day may go down up to 
1-2°C. 
The total area of Aligarh district is 3696.94 square km and it has 82% of the 
geographical area under cultivation. The core sector of economy is agriculture and 
crops raised in this district include wheat, maize, paddy, pulses, oil seeds, vegetables 
etc. Besides mineral elements, micro and macronutrients, the soil consists of a number 
of microorganisms such as bacteria, actinomycetes, fungi and nematodes etc. which 
form the microbiota of the soil. The plants grown in such soils are continuously 
influenced by soil properties and microbial diversity present therein. 
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Out of eight surveyed localities in and around Aligarh district of Uttar 
Pradesh, India, it was found that the nature of occurrence of all pathogens of wheat 
was more prevalent at Aligarh (Table 1A). Also, among the Alternaria triticina 49%, 
Ustilago tritici 43%, were more prominent and aggressive to wheat crop. However, 
there no definite relationship with these pathogens and localities, as the frequency of 
their occurrence was greatly varied localities wise. Similarly, Bipolaris sorokiniana 
14%, Aspergillus niger 17% were recorded from each locality but its occurrence was 
at varying extent, however, Aligarh was found to be more prevalent with these 
pathogen (Table 1A). 
(Part 1)- Laboratory experiment results of  Crop A – Wheat 
Experiment 1 
Screening of different wheat varieties collected from different areas of Aligarh 
district. 
Different fungal species have been detected from the five screened varieties of 
wheat by Blotter method. Wheat variety PBW343 was found to be most susceptible in 
terms of fungal infection as  compared to other varieties. The occurrence of individual 
fungi varied widely. From the total population of fungi emerged in this study, variety 
PBW343 was found to be associated with maximum no of fungal genera i.e. seven. 
Five genera were detected from all the four varieties of wheat.  
In variety PBW343 the most predominant fungi detected in order of 
prevalence were Alternaria triticina, Alternaria alternata, Ustilago tritici, Fusarium 
moniliforme, Rhizopus oryzae, Aspergillus niger, Drechslera australiensis. Maximum 
fungal incidence was recorded with Alternaria triticina and minimum with 
Drechslera australiensis in variety PBW343 screening test (Table 2A). 
Experiment 2 
Viability and mycoflora of normal and abnormal seeds of wheat variety PBW343 
Preliminary inspection of wheat seeds: An inspection of dry seeds reveals that 
certain seeds were damaged, deformed, discoloured and contaminated with inert 
matter and infected with mycelial fragments. Seeds were soaked for twenty four hours 
in water and then inspected again which showed the presence of more fungal species 
with poor germination of seeds in case of abnormal seeds. It is found that Alternaria 
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alternata and Alternaria triticina and Fusarium moniliforme were associated with 
both normal and abnormal seeds however, with a higher incidence in abnormal than 
normal seeds. Seeds with different types of discoloration were highly infected with 
Alternaria alternata was 78.0% on seeds. These were with discoloured embryo end as 
compared to 2.25% normal seeds. Incidence of U.tritici 60.50% was found to be 
second highest on seed with discolored embryo end. Seed abnormalities associated 
that were with seed infection and discoloration had a higher incidence of fungal 
infection of seeds. Germination percentage of normal seeds was 40% and this was 
higher than that 2.5% - 12.0% of the abnormal seeds (Table 3A). 
Experiment 3 
Studies of seed mycoflora of variety PBW343. Different incubation methods 
were evaluated for the isolation of maximum number of fungal flora. Variety 
PBW343 was again tested to check the association of different fungal flora by three 
incubation methods as recommended by ISTA. 
Blotter Method 
It is evident from Table 4A that 20 most frequently occurring fungi viz. 
Alternaria triticina,  Alternaria alternata, Aspergillus niger,Ustilago tritici, 
Aspergillus flavus, Bipolaris sorokiniana, Bipolaris maydis, Fusarium moniliforme, 
Fusarium oxysporum, Fusarium solani, Helminthosporium spp., Rhizopus oryzae, 
Rhizopus spp., Drechslera australiensis, Drechslera spp, Mucor spp., Penicillium 
spp., Curvularia lunata, Curvularia spp. and Cladosporium spp. were isolated from 
the non sterilized seeds of variety PBW343 with Blotter method. 
For the internal seed mycoflora seeds were surfaced sterilized by dipping in 0.1% 
mercuric chloride. Same fungal members were isolated from sterilized seeds but with 
low frequency values (Table 4A, Fig 1A). 
In case of non sterilized seeds highest frequency (78.33) was recorded for 
A.triticna followed by A.alternata (77.33) where as in case of sterilized seeds again 
the highest frequency (67.33) was recorded for A.triticna followed by A.niger (65.33). 
Lowest frequency (15.66) was recorded for Cladosporium spp. in non sterilized seeds, 
however this fungus was absent in surface sterilized seeds. Germination of seeds in 
this Blotter method was 22% in case of external seed mycoflora and in case of 
internal seed mycoflora 30% seed germination was recorded (Table 4A, Fig 1A). 
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Agar Plate Method 
A perusal of Table 4A indicates the results obtained from Agar plate method 
of non sterilized seeds, highest frequency  (72.66) was  recorded for A.triticina  
followed by A.niger (69.33) where as in case of surface sterilized seeds highest 
frequency was recorded for A. triticina (37.33) followed by A.alternata (31.15). 
Lowest frequency (11.33) was recorded for Cladosporium spp, in case of non 
sterilized seeds, however this fungus was absent in surface sterilized seeds. 
Percentage of germination of seeds was recorded as 28% in external seed mycoflora 
and 40% in internal seed mycoflora in Agar plate method (Table 4A, Fig 1B). 
Deep freeze Method 
Similarly in Deep freeze method from non sterilized seeds highest frequency 
(71.33) was recorded for A.niger followed by A. triticina (62.66) where as in case of 
surface sterilized seeds the highest frequency (29.02) was recorded for A.triticina 
followed by A.niger (24.33). Lowest frequency (14.33) was recorded for C. lunata 
from non sterilized seeds and from sterilized seeds lowest frequency (8.69) was 
recorded from Mucor spp. Percentage of germination seeds was 20% in non sterilized 
seed and 27% in sterilized seed were recorded in Deep freeze method (Table 4A Fig 
1C). 
Experiment 4 and 5: Studies on transmission and location of the 
pathogen in the wheat seeds by pathogenicity test and seedling 
symptoms test 
Two methods were used for the study of location of pathogen in the seed and its 
transmission from the seed to seedling stage. 
(4) Pathogenicity test conducted under laboratory conditions in Blotter 
method 
 Most frequently occurring fungi of wheat seeds were selected for 
pathogenicity tests. Out of which Alternaria triticina, Ustilago tritici, Bipolaris 
sorokiniana, Fusarium moniliforme, Aspergillus niger were selected and tested for 
their pathogenic behavior. The detailed description of symptoms produced by 
pathogenic fungi are as follows. 
Control: Germination percentage of seeds was recorded as 71.48%. 
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 Alternaria triticina : Germination percentage of seeds was 44.47% as 
compared to 71.48% in control. Highest percentage of infection was recorded with 
Alternaria triticina 53.76%. Stunted growth of seedlings was observed.  
 Ustilago tritici: Percentage of germination of seeds was 51.48% as compared 
to 71.48% in control. Ustilago tritici 47.41% found to be the second most in terms of 
infection in seeds. Stunted growth of seedling was observed.  
 Bipolaris sorokiniana: Germination percentage of seeds was 56.71% as 
compared to 71.48% in control. Percentage of infection recorded was 41.37%. Rotting 
of seed and stunted growth was noticed in infected seedlings. 
 Fusarium moniliforme: 64.14% seeds were germinated as compared to 71.48 
% in control. Percentage of infection was 35.48%. Rotting of seed and stunted growth 
was recorded in infected seedlings. 
 Aspergillus niger: Percentage of germination of seeds was 54.88% as 
compared to 71.48% in control. Percentage of infection recorded was 31.46%. 
Discolouration of seeds and stunted growth of seedling was recorded during 
pathogenicity test. (Table 5A, Fig 2A) 
(5) Seedling symptoms test 
Results of transmission of five seed-borne fungi of wheat from seed to 
germinating seeds and seedlings as determined by test tube seedling test are presented 
in Table 6A. In all five seed pathogens namely A. alternata, A. triticina, 
B.sorokiniana, F. moniliforme and A.niger were found to transmit to the germinating 
seeds causing pre-emergence and post emergence death. The rate of transmission of 
the seed pathogens from seed to germinating seeds causing pre emergence death due 
to seed infection were higher in A. triticina, A. alternata and A.niger  than that of 
transmission to seedling infection or seedling mortality. The highest percentage of pre 
emergence death of seed 45.71%, seedling 48.39%, post emergence death 54.39% and 
total disease development 50.11% were recorded due to A. triticina. These damages 
were highest from A. triticina followed by A. alternata, A.niger, B.sorokiniana and 
Fusarium moniliforme (Table 6A, Fig 2B). 
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Assessment of different pathogenicity methods: 
Experiment 6: Pathogenicity test were conducted in pots under lab condition 
to asses four different methods on five pathogenic fungi of Wheat variety 
PBW343 
Four different methods were used for pathogenicity test to select the method 
which may be standardized for pathogenicity, pathogen variability/ aggressiveness 
analysis and screening of varieties against the seed and soil borne pathogen. During 
the current study, the five most frequently associated pathogens of wheat were tested.  
Among the four methods, three were conducted in pots and the remaining one was 
employed using test tubes. Out of all these four methods, cotton swab test tube 
method (Table 7A) was found to be the most suitable one for the pathogenicity test 
and was subsequently determined the most efficient method to be used for 
pathogenicity/screening/aggressiveness analysis.  
(A) Seed coating method 
In comparison to all the three methods, results of seed coating method showed that 
pre emergence (%) death due to seed infection was highest with A.triticina as 64.38% 
followed by U.tritici 45.03% as compared to control 5.12%. Pre emergence death of 
seedling was also recorded with A.triticina. It was 72.05% followed by U.tritici 
27.37% as compared to control 2.1%. Post emergence death was 31.71% recorded 
with Fusarium moniliforme followed by B.sorokiniana 25.04% as compared to 
control 4.5%.  A.triticina (4) and B.sorokiniana (3) were found to be most pathogenic 
on disease index 0-5 scale (Table 7A, Fig 3A). 
(B) Spore suspension method 
In the second method which is spore suspension method the pre emergence death 
of seeds was as  highest as 46.71% in case of A.triticina followed by U.tritici 34.38% 
as compared to control 4.3%. Pre emergence death of seedling was also recorded with 
U.tritici 43.39% followed by A.triticina 31.38% as compared to control 2.1%. Post 
emergence death was recorded with U.tritici 43.39% followed by A.triticina 31.38% 
as compared to control 2.1%. A.triticina (3) and U.tritici (3) were found to be most 
pathogenic on disease index 0-5 scale (Table 8A, Fig 3B). 
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(C)   Inoculum disc method 
In this method which is inoculum disc method pre emergence death of seeds was 
observed due to A.triticina as 42.7% followed by B.sorokiniana i.e. 34.38% as 
compared to control 5.1%. Pre emergence death of seedling was recorded with 
A.triticina 43.71% which was highest and followed by B.sorokiniana 42.72% as 
compared to control 0%. Post emergence death was recorded with Fusarium 
moniliforme as 33.37% at seedling stage followed by A.alternata as 20.72% as 
compared to control 3.5. A.triticina (3), B.sorokiniana (2) and U.tritici (2) were found 
to be most pathogenic on disease index 0-5 scale (Table 9A, Fig 3C). 
(D) Cotton swab method 
Fourth method which is cotton swab method was employed in laboratory. Results 
obtained in this method are as follows. Highest pre emergence death of seed 45.18% 
was recorded due to U.tritici followed by B.sorokiniana 35.16% as compared to 
control 4.1%. Pre emergence death of seedling was recorded with U.tritici as 48.12% 
which was highest and followed by A.triticina 42.16% as compared to control 2.3%. 
Post emergence death was recorded with A.alternata 38.16% at seedling stage 
followed by F.moniliforme 35.15% as compared to control 2.4%. A.triticina (3) and 
U.tritici (3) were found to be most pathogenic on disease index 0-5 scale (Table 10A, 
Fig 3D). 
Disease management studies in Laboratory 
Experiment 7 
Screening of Biocontrol agents, Botanicals and Fungicides by Dual culture 
method and Poison food technique invitro study. 
Efficacy of fungicides, biocontrol agents and plant extracts against the 
pathogenic fungi were tested in laboratory using poison food technique and dual 
culture technique. 
In vitro evaluation of fungicides on the growth of fungi by Poison food method 
The efficacy of the fungicides was determined by the percentage of inhibition 
of the mycelial growth. In the study conducted, the systemic and non systemic 
fungicides were evaluated for their effect on the mycelial growth of A.triticina, 
A.alternata, F.moniliforme, B.sorokiniana, and U.tritici. Results obtained on the 
fungitoxicity of all the fungicides against the five seed-borne fungi in in-vitro study 
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are presented in Table 11A. The mycelial growth of the fungi was recorded after 10 
days of incubation. Mycelial growth of the fungi declined over the control. It was 
found that the increase in the concentration of fungicides gradually decreased the 
radial mycelial growth of all the fungi. The results revealed the significant effect on 
the radial mycelial growth of all seed-borne fungi (at p=0.05) by carbendazim, 
mancozeb, vitavax and benlate. Among the four fungicides carbendazim effectively 
inhibited the radial growth of A.triticina, A.alternata, F.moniliforme, B.sorokiniana, 
and U.tritici followed by fungicide mancozeb, vitavax, benlate. Mycelial growth of 
the fungi differed significantly at various concentrations. The growth inhibition was 
maximum at 500 ppm in all the cases. 
In case of A.triticina least mycelial growth was recorded (11.81mm) with 
fungicide carbendazim, followed by mancozeb (14.77mm), vitavax (16.03mm) and 
benlate (23.71mm) at 500 ppm concentration as compared to control (81.06mm) (Fig 
4A). 
In A.alternata least mycelial growth was recorded (12.62mm)  with the 
treatment of fungicide carbendazim, followed mancozeb (13.04mm), vitavax 
(14.01mm) and  benlate (17.63mm) at 500 ppm concentration as compared to control 
(72.67mm) (Fig 4B). 
In F.moniliforme least mycelial growth was recorded (13.14mm) in the 
treatment  with fungicide carbendazim, followed by mancozeb (17.07mm), vitavax 
(19.81mm) and benlate  (22.84mm) at 500 ppm concentration in control as compared 
to (88.53mm) (Fig 4C). 
In B.sorokiniana least mycelial growth was recorded (13.66mm) with 
fungicide carbendazim, followed by mancozeb (17.67mm), vitavax (18.07mm) and 
benlate  (24.96mm) at 500 ppm concentration as compared to control (80.57mm) (Fig 
4D). 
In U.tritici least mycelial growth was recorded for (12.22mm) in the treatment  
with fungicide carbendazim, followed by mancozeb (14.11mm) , vitavax (15.66mm) 
and benlate (19.94mm) at 500 ppm concentration as compared to control (83.48mm) 
(Fig 4E). 
Among the four fungicides, carbendazim was found to be the most effective 
one in inhibiting the mycelial growth of pathogenic fungi followed by mancozeb, 
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vitavax and benlate at 500 ppm concentration. Thus, fungicide carbendazim showed a 
detrimental effect on the in- vitro growth of the pathogenic fungi. A suppressive effect 
was displayed by the fungicides and the colony growth was decreased with an 
increase in the concentration of fungicides (Table 11A, Fig 4 A,B,C,D,E). 
In vitro evaluation of Biocontrol agents on the growth of fungi by dual culture 
method 
In dual culture plate assay the data was recorded on percent decrease in radial 
mycelial growth of different seed-borne fungi. The results revealed the significant 
effect of the four biocontrol agents on the radial mycelial growth inhibition of all 
pathogenic fungi (at p=0.05) by Trichoderma harzianum, Trichoderma viride, 
Pseudomonas fluorescens, and Bacillus subtilis as compared to control (Table 12A). 
The efficacy of the biocontrol agents was determined by the percent inhibition 
of the mycelial growth. In the study conducted, four biocontrol agents were evaluated 
for their effect on the mycelial growth of A.triticina, A.alternata, F.moniliforme, 
B.sorokiniana, and U.tritici. Results revealed that all the biocontrol agents were found 
significantly effective against the five seed- borne fungi in- vitro (Table 12A). The 
mycelial growth of the fungi was recorded after 10 days of incubation. The mycelial 
growth of the fungi declined over the control. It was found that the increase in the 
number of spores in terms of CFU of biocontrol agents gradually decreased the radial 
growth of all the fungi. A perusal of data revealed that out of all the tested biocontrol 
agents, T.harzianum effectively inhibited the radial growth of A.triticina, A.alternata, 
F.moniliforme, B.sorokiniana, and U.tritici followed by T.viride, P. fluorescens, and 
B.subtilis. Mycelial growth of the fungi differed significantly at various 
concentrations. The growth inhibition was maximum at 5 mm mycelia disc containing 
108 conidia/ml.  
In A.triticina least mycelial growth was recorded (10.15mm) in the treatment 
with T.harzianum, followed by T.viride (12.54mm), P. fluorescens (15.32mm), and 
B.subtilis (19.67mm), at 5 mm disc as compared to (81.06mm) control (Fig 5A). 
In A.alternata least mycelial growth was recorded as (11.16mm) in the 
treatment with T.harzianum, followed by T.viride (12.22mm), P. fluorescens 
(17.04mm) and B.subtilis (17.89mm) at 5 mm disc as compared to control (72.67mm) 
(Fig 5B). 
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In case of F.moniliforme least mycelial growth was recorded (9.18mm) in the 
treatment with T.harzianum, followed by T.viride (12.15mm), P. fluorescens 
(16.12mm) and B.subtilis (18.59mm) at 5 mm disc as compared to control (88.53mm) 
(Fig 5C). 
In B.sorokiniana least mycelial growth was recorded (10.12mm) in the 
treatment with T.harzianum, followed by T.viride (13.11mm), P. fluorescens 
(17.28mm) and B.subtilis (17.66mm) at 5 mm disc as compared to control (80.57mm) 
(Fig 5D). 
In U.tritici least mycelial growth of was recorded for (9.22mm) in the 
treatment T.harzianum, followed by T.viride (13.23mm), P. fluorescens (15.12mm) 
and B.subtilis (19.33mm) at 5 mm disc as compared to control (83.48mm) (Fig 5E). 
Among the four biocontrol agents, T.harzianum was found to be the most 
effective one in inhibiting the mycelial growth of pathogenic fungi followed by 
T.viride, P. fluorescens and B.subtilis at 108 conidia/ml concentration. Thus, 
T.harzianum showed a detrimental effect on the invitro growth of the pathogenic 
fungi. A suppressive effect was displayed by the biocontrol agents and the colony 
growth decreased with an increase in the concentration of cfu/ml with respect to all 
the treatments (Table 12A). 
In vitro evaluation of plant extracts on the growth of fungi by Poison food 
method 
The efficacy of the plant extracts was determined by the percent inhibition of 
the mycelial growth. In the study conducted, the plant extracts were evaluated for 
their antifungal effect on the mycelial growth of five pathogenic fungi viz. A.triticina, 
A.alternata, F.moniliforme, B.sokiniana, and U.tritici. Results obtained on the 
fungitoxicity of all the plant extracts against the five fungi in vitro as presented in the 
Table 13A. The radial mycelial growth of the fungi was recorded after 10 days of 
incubation. The mycelial growth of the fungi declined over the control. It was found 
that the increase in the concentration of plant extracts gradually decreased the radial 
growth of all the treated fungi. A perusal of data revealed that plant extract of 
Eucalyptus globulus effectively inhibited the radial growth of A.triticina, A.alternata, 
F.moniliforme, B.sokiniana, and U.tritici followed by Calotropis procera, Ocimum 
sanctum, Datura stramonium, Lantana camara, Ricinus communis, Euphorbia hirta. 
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The growth inhibition was maximum at 20% concentration. Although all the plant 
extracts used during the studies gave encouraging results, but the best results were 
given by E. globulus at 20% concentration.  
In A.triticina least mycelial growth was recorded  (14.12mm) in the treatment 
with E. globulus, followed by C. procera (15.15mm), O.sanctum (18.77mm), 
D.stramonium (19.07mm), L.camara (20.96mm), R. communis (20.96mm), and E. 
hirta (22.18mm) at 20% concentration as compared to the control (81.06mm) (Fig 
6A). 
In A.alternata least mycelial growth was recorded  (12.16mm) in the treatment 
with E. globulus, followed by C. procera (13.21mm), O.sanctum (15.11mm), 
D.stramonium (21.81mm), L.camara (22.11mm), R. communis (22.71mm), and E. 
hirta (24.77mm) at 20% concentration as compared to control (72.67mm) (Fig 6B). 
In F.moniliforme least mycelial growth was recorded (12.12mm) in the 
treatment with E. globulus, followed by C. procera (12.65mm), O. sanctum 
(15.16mm), D.stramonium (18.07mm), L.camara (20.62mm)  , R. communis 
(21.51mm) and E. hirta (24.81mm) at 20% concentration as compared to (88.53mm) 
control (Fig 6C). 
In B.sorokiniana least mycelial growth was recorded (12.26mm) in the 
treatment with E. globulus, followed by C. procera (13.16mm), O. sanctum 
(17.93mm), D.stramonium (18.02mm), L.camara (19.07mm), R. communis 
(19.92mm) and E. hirta (22.11mm) at 20% concentration as compared to (80.57mm)  
control (Fig 6D). 
In U.tritici least mycelial growth (4.03mm)  was recorded with  E. globulus, 
followed by C. procera (8.02mm), O. sanctum (15.07mm), D.stramonium (19.93mm), 
L.camara (22.14mm), R. communis (23.14mm) and E. hirta (23.81mm)  at 20% 
concentration as compared to control (83.48mm) (Fig 6E). 
Among the seven botanicals, E. globulus was found to be the most effective 
one in inhibiting the mycelial growth of pathogenic fungi followed by C. procera, O. 
sanctum, D.stramonium, L.camara, R. communis, and E. hirta at 20% concentration. 
Thus, E. globulus showed a detrimental effect on the in- vitro growth of the 
pathogenic fungi. A suppressive effect was displayed by the plant extracts and the 
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colony growth decreased with an increase in the concentration of plant extracts with 
respect to all treatments (Table 13A). 
Experiment (8) 
Management strategies to minimize seed-borne fungal infections of 
wheat  seeds.  
Seed priming using fungicides 
The effect of seed treatment with fungicides on fungal infection percentage 
and seed germination percentage are presented in Table 14A and 15A. Four 
fungicides at 500 ppm concentration as seed priming were tested for their efficacy in 
the management of seed-borne fungal infections on wheat by using Blotter and Agar 
plate method and results are presented in Table 14A and 15A.  
Among the four fungicides tested for their efficacy in the management of 
seed-borne infection of wheat with various fungal contaminants, seed treatment with 
Carbendazim showed least percent of seed infection with higher per cent germination 
as compared to control which differed significantly from seed treatment with 
mancozeb, vitavax and benlate. Data analysis of variance showed that among the four 
seed dressing fungicides tested, maximum reduction in infection of A.triticina was 
observed in seed treatment with carbendazim as only 22.46% seeds showed the 
infection followed by mancozeb (27.84%), vitavax, (36.08)% and benlate (41.51%)  
at 500 ppm concentration as compared to control (74.23%). 
In case of B.sorokiniana maximum reduction in infection percentage was 
recorded 16.56% when seeds were treated with fungicide carbendazim, followed by 
mancozeb (23.46%), vitavax (34.81%) and benlate (36.52%) at 500 ppm 
concentration as compared to control when 69.33% of seed were infected.  
In case of Fusarium moniliforme maximum reduction in infection of seeds 
was recorded as 16.14% when the seeds were treated with fungicide carbendazim, 
followed by mancozeb (22.8%), vitavax (33.6%) and benlate (33.79 %) at 500 ppm 
concentration as compared to control with 63.66% infection.  
Maximum reduction in infection of Alternaria alternata was recorded as 
14.43% when the seeds were treated with fungicide carbendazim, followed by 
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mancozeb (21.39%), vitavax (31.58%) and benlate (32.86%) at 500 ppm 
concentration as compared to control with (58.66% ) infection. 
In case of Aspergillus niger maximum reduction in infection was recorded as 
10.79% when the seeds were treated with fungicide carbendazim, followed by 
mancozeb (19.53%), vitavax (23.48%) and benlate (30.51%) at 500 ppm 
concentration as compared to control (47.33%). 
Maximum reduction in infection of Aspergillus flavus was recorded as 9.84% 
in the seeds treated with fungicide carbendazim, followed by vitavax (18.51%), 
mancozeb (19.45%) and benlate (29.57%) at 500 ppm concentration as compared to 
control (39.66%). 
In case of Rhizopus oryzae maximum reduction in infection percentage was 
recorded as 7.44% when the seeds were treated with fungicide carbendazim, followed 
by mancozeb (14.44%), vitavax (20.51%) and benlate (25.51%) at 500 ppm 
concentration as compared to control (31.33%). 
In case of Mucor spp maximum reduction in infection was recorded (6.46%) 
when the seeds were treated with fungicide carbendazim, followed by mancozeb 
(14.37%), vitavax (15.84%) and benlate (22.82%) at 500 ppm concentration as 
compared to control (29.33%). 
Maximum reduction in infection of Penicillium spp was recorded as 6.78% in 
seeds treatment with fungicide carbendazim, followed by mancozeb (10.47%), 
vitavax (15.45%) and benlate (18.16%) at 500 ppm concentration as compared to 
control (28.66%). 
In case of Curvulariya lunata maximum reduction in infection percentage was 
recorded as 4.47% when seeds were treated with fungicide carbendazim, followed by 
mancozeb (5.53%), vitavax (7.52%) and benlate (15.47%)  at 500 ppm concentration 
as compared to control (23.33%). 
Lowest frequency was recorded for D australiensis in seed treatment with 
vitavax (4.52%), followed by benlate (7.88%) at 500 ppm concentration as compared 
to control (20.66%) however this fungus was absent in seed treatment with 
carbendazim and mancozeb. Drechslera spp. was completely controlled by all four 
fungicides at 500 ppm concentration in case of Blotter Method. Highest germination 
Results  
122 
 
was observed in seed treatment with carbendazim (82.0%), followed by mancozeb 
(75.0%), vitavax (67.0%), and benlate (60.0%) as compared to control (35.0%) in 
blotter method (Table 14A, Fig 7A).  
In case of Agar plate method maximum reduction in infection percentage of 
A.triticina was observed in seed treatment with carbendazim (23.52%), mancozeb 
(28.8%), vitavax (37.54%) and benlate (49.5%) at 500 ppm concentration as 
compared to control where 72.66% seeds were infected (Table 15A) 
In case of B.sorokiniana maximum reduction in infection was recorded as 
21.44 when seeds were treated with fungicide carbendazim, followed by mancozeb 
(27.56%), vitavax (34.81%) and benlate (40.58%) at 500 ppm concentration as 
compared to control with (65.33%) infection of seeds. 
In case of Fusarium moniliforme maximum reduction in infection frequency 
was recorded as (19.39%) when seeds were treated with fungicide carbendazim, 
followed by mancozeb (28.52%), vitavax (32.44%) and benlate (42.51%) at 500 ppm 
concentration as compared to control infection as 60.66%. 
Maximum reduction in infection of Alternaria alternata was recorded as 
(16.49%) when the seeds were treated with fungicide carbendazim, followed by 
mancozeb 26.62%, vitavax 27.49% and benlate 39.55% at 500 ppm concentration as 
compared to control 57.33%. 
In case of Aspergillus niger maximum reduction in infection frequency was 
recorded (16.47%) when seeds were treated with fungicide carbendazim, followed by 
mancozeb (22.56%), vitavax (26.59%) and benlate (33.5%) at 500 ppm concentration 
as compared to control 40.66%. 
Maximum reduction in infection frequency of Aspergillus flavus was recorded 
(11.47%) when seeds were treated with fungicide carbendazim, followed by 
mancozeb (21.46%), vitavax (22.68%) and benlate (28.98%) at 500 ppm 
concentration as compared to control 34.66%. 
In case of Rhizopus oryzae maximum reduction in infection frequency was 
recorded as 11.51% in the seed treatment with fungicide carbendazim, followed by 
mancozeb (17.44%), vitavax (17.47%) and benlate (24.77%) at 500 ppm 
concentration as compared to control 29.33%. 
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In case of Mucor spp maximum reduction in infection frequency was recorded 
as 8.49% in seed treatment with fungicide carbendazim, followed by mancozeb 
(14.51%), vitavax (17.56%) and benlate (21.49%) at 500 ppm concentration as 
compared to control (26.66%). 
In case of Penicillium spp maximum reduction was recorded as 6.4% in 
frequency of infection when seeds were treated with fungicide carbendazim, followed 
by mancozeb (9.48%), vitavax (12.89%) and benlate (16.5%) as compared to control 
(26.33%) at 500 ppm concentration. 
Lowest frequency was recorded against C.lunata seed treatment with 
carbendazim (6.5%), followed by mancozeb (7.57%), vitavax (9.52%) and benlate 
(12.55%) as compared to control (19.33%) at 500 ppm concentration. However, D 
australiensis and Drechslera spp. were completely controlled by all four fungicides at 
500 ppm concentration. Highest germination was observed in seed treatment with 
carbendazim as 80.0 %, followed by mancozeb 72.0%, vitavax 65.0%, and with 
benlate 57.0% as compared to control 33.0% in Agar plate method (Table 15A, Fig 
7B). 
Seed priming using biocontrol agents  
The effect of seed treatment with biocontrol agents on fungal infection 
percentage and seed germination percentage are presented in Table 16A. Four 
biocontrol agents were tested for their efficacy in the management of seed-borne 
fungal infections of wheat by using Blotter and Agar plate method and results are 
presented in (Table 16A).  
Among the four biocontrol agents tested for their efficacy in the management 
of seed-borne infection of wheat with various fungal contaminants, seed treatment 
with T. harzianum showed least seed infection with higher germination percentage as 
compared to control which differed significantly from seed treatment with T. viride, 
P. fluorescens, and  B.subtilis. Data analysis of variance showed that among the four 
seed priming biocontrol agents tested, maximum reduction in infection of A.triticina 
was recorded in case of  T. harzianum (17.41%), followed by with P. fluorescens 
(19.46%), T. viride (20.12%), and B.subtilis (23.77%)  at 5mm disc containing 108 
spores/ml as compared to control (74.24%) in blotter method. 
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In case of B.sorokiniana maximum reduction in infection frequency was 
recorded as 14.48% when seeds were treated with T. harzianum followed by P. 
fluorescens (16.49%), T. viride (18.49%), and B.subtilis (21.51%) at 5mm disc 
containing 108 spores/ml as compared to control 69.33%. 
In case of Fusarium moniliforme maximum reduction in infection frequency 
was recorded as 12.46% when seeds were treated with T. harzianum followed by P. 
fluorescens (13.44%), T. viride (18.46%), and B.subtilis (19.42%) at 5mm disc 
containing108 spores/ml as compared to control 63.66%. 
Maximum reduction in infection of Alternaria alternata was recorded as 
9.45% infection when the seeds were treated with T. harzianum followed by P. 
fluorescens (11.42%), T. viride (13.42%), and B.subtilis (17.46%) at 5mm disc 
containing 108 spores/ml as compared to control 58.66%. 
In case of Aspergillus niger maximum reduction in infection frequency was 
recorded as 7.42% when seeds were treated with T. harzianum followed by P. 
fluorescens (9.46%), T. viride (9.47%), and B.subtilis (14.39%) at 5mm disc 
containing 108 spores/ml as compared to control 47.33%. 
Maximum reduction in infection frequency of Aspergillus flavus was recorded 
as 5.54% when seeds were treated with T. harzianum followed by P. fluorescens 
(6.48%), T. viride (8.53%), and B.subtilis (11.43%) at 5mm disc containing 
108spores/ml as compared to control 39.66%. 
In case of Rhizopus oryzae maximum reduction in infection was recorded as 
4.73%, when seeds were treated with P. fluorescens followed by T. harzianum 
(5.42%), T. viride (5.46%) and B.subtilis (7.36%) at 5mm disc containing 108 
spores/ml as compared to control 31.33%. 
In case of Mucor spp maximum reduction in infection frequency was recorded 
as 2.76% when seeds were treated with T. harzianum followed by P. fluorescens 
(3.39%), T. viride (3.41%), and B.subtilis (4.36%) at 5mm disc containing 108 
spores/ml as compared to control 29.33%. 
Maximum reduction in infection frequency of Penicillium spp was recorded as 
2.06% when seeds were treated with T. harzianum followed by P. fluorescens 
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(2.36%), T. viride (2.69%) and B.subtilis (3.47%) at 5mm disc containing 108 
spores/ml as compared to control 28.66%. 
Lowest frequency was recorded against C.lunata in seed treatment with 
T.viride (1.06%) followed by B.subtilis (2.07%), as compared to control (23.33%) at 
5mm disc containing 108 spores/ml, however this fungus was absent in seed treatment 
with T. harzianum and P. fluorescens. Drechslera australiensis and Drechslera spp. 
were completely controlled by all four biocontrol agents in case of Blotter Method 
(Table 16A). Highest germination was recorded in seed treatment with T. harzianum 
(82.0%), followed by P. fluorescens (80.0%), T. viride (77.0%), and with B.subtilis 
(62.0%) as compared to control (35.0%) in blotter method (Table 16A, Fig 8A). 
In case of Agar plate method maximum reduction in infection frequency of 
A.triticina was isolated in seed treatment with T. harzianum (24.47%), followed by P. 
fluorescens (26.44%), T. viride (27.05%) and B.subtilis (29.46%), at 5mm disc 
containing 108 spores/ml as compared to control 72.66%. 
In case of B.sorokiniana maximum reduction in infection frequency was 
recorded as (22.45%) when seeds were treated with T. harzianum followed by P. 
fluorescens (22.52%), T. viride (24.51%) and B.subtilis (26.42%), at 5mm disc 
containing 108spores/ml as compared to control 65.33%. 
In case of Fusarium moniliforme maximum reduction in infection frequency 
was recorded as 19.43% when seeds were treated with T. harzianum followed by P. 
fluorescens (19.47%), T. viride (19.85%), and B.subtilis (22.44%) at 5mm disc 
containing108 spores/ml as compared to control 60.66%. 
Maximum reduction in infection frequency of Alternaria alternata was 
recorded as 15.54% when seeds were treated with T. harzianum followed by P. 
fluorescens (16.46%), T. viride (17.18%) and B.subtilis (19.54%), at 5mm disc 
containing 108 spores/ml as compared to control 57.33%. 
In case of Aspergillus niger maximum reduction in infection frequency was 
recorded as (12.48%), when seeds were treated with P. fluorescens followed by T. 
harzianum (14.41%),  T. viride (14.51%) and B.subtilis (16.49%) at 5mm disc 
containing 108 spores/ml as compared to control 40.66%. 
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Maximum reduction in frequency of Aspergillus flavus was recorded as 9.48% 
when seeds were treated with T. harzianum followed by P. fluorescens (11.37%), T. 
viride (12.55%) and B.subtilis (15.46%) at 5mm disc containing 108 spores/ml as 
compared to control 34.66%. 
In case of Rhizopus oryzae maximum reduction in infection frequency was 
recorded as 7.47% when seeds were treated with T. harzianum followed by P. 
fluorescens (9.47%), T. viride (10.81%), and B.subtilis (12.49%) at 5mm disc 
containing 108 spores/ml as compared to control which was 29.33%. 
In case of Mucor spp maximum reduction in infection frequency was recorded as 
4.81% when seeds were treated with T. harzianum followed by P. fluorescens 
(6.41%), T. viride (6.46%), and B.subtilis (9.42%) at 5mm disc containing 
108spores/ml as compared to control 26.66%. 
In case of Penicillium spp maximum reduction in infection frequency was 
recorded as (2.75%) when seeds were treated with T. harzianum followed by P. 
fluorescens (5.43%), T. viride (6.47%), and B.subtilis (6.41%) at 5mm disc containing 
108spores/ml as compared to control 26.33%. 
Maximum reduction in infection frequency of Curvulariya lunata was 
recorded 1.05% when seeds were treated with T. harzianum followed by P. 
fluorescens (1.09%), T. viride (3.81%) and B.subtilis (4.52%) at 5mm disc containing 
108 spores/ml as compared to control 19.33%. 
In case of Drechslera australiensis maximum reduction in infection was 
recorded as 2.73%, seed treatment with T. viride followed by B.subtilis (2.78%) as 
compared to control 15.66% however this fungus was absent in seed treatment with T. 
harzianum and P. fluorescens with. Lowest frequency was only recorded against 
Drechslera spp. seed treatment with B.subtilis (1.07%), however this fungus was 
absent in seed treatment with T. harzianum, P. fluorescens and with T. viride (Table 
17A, Fig 8B). 
Highest seed germination was recorded in seed treatment with T. harzianum 
(88.0%), followed by P. fluorescens (80.0%), T. viride (72.0%), and with B.subtilis 
(68.0%) as compared to control 33.0% in Agar plate method (Table 17A). 
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Seed priming using botanicals 
The effect of seed treatment with botanicals on fungal infection percentage 
and seed germination percentage are presented in table (Table 18A and 19A). Seven 
botanicals were tested for their efficacy in the management of seed-borne fungal 
infections of wheat by using Blotter and Agar plate method and results are presented 
in (Table 18A and 19A).  
Among the seven botanicals tested for their efficacy in the management of 
seed-borne infection of wheat with various fungal contaminants, seed treatment with 
Eucalyptus globulus showed least seed infection with higher per cent germination as 
compared to control which differed significantly from seed treatment with Calotropis 
procera, Ocimum sanctum, Datura stramonium, Lantana camara,  Ricinus communis, 
and Euphorbia hirta.  
Data analysis of variance showed that among the seven seed priming 
botanicals tested, maximum reduction in infection frequency of A.triticina was 
observed in seed treatment with E. globulus as 22.56%, followed by C.procera 
(26.56%), O. sanctum (29.02%), D.stramonium (32.33%), L.camara (34.03%), 
R.communis (39.64%), and E. hirta (40.03%) at 20 % concentration as compared to 
control 74.24% in blotter method (18A). 
In case of B.sorokiniana maximum reduction in infection frequency was 
recorded as 18.34% when seeds were treated with E. globulus followed by C.procera 
(20.34%), O. sanctum (27.43%), D.stramonium (31.08%), L.camara (32.46%), 
R.communis (34.52%), and E. hirta (37.46%) at 20% concentration as compared to 
control 69.33% in blotter method. 
In case of Fusarium moniliforme maximum reduction in infection frequency 
was recorded as 17.12% when seeds were treated with E. globulus and O. sanctum as 
17.12% followed by  C.procera (24.03%),  D.stramonium (26.99%), L.camara 
(29.66%), R.communis (31.69%), and E. hirta (32.44%) at 20% concentration as 
compared to control 63.66%.  
Maximum reduction in infection frequency of Alternaria alternata was 
recorded as 13.33% when seeds were treated with E. globulus followed by C.procera 
(14.33%), O. sanctum (22.01%), D.stramonium (22.65%), L.camara (24.03%), 
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R.communis (27.01%) and E. hirta (29.31), at 20% concentration as compared to 
control 58.66%. 
In case of Aspergillus niger maximum reduction in infection frequency was 
recorded as 11.07% when seeds were treated with E. globulus followed by C.procera 
(11.07%), O. sanctum (23.33%), D.stramonium (24.39%), L.camara (26.67%), 
R.communis (32.44%) and E. hirta (34.99%) at 20% concentration as compared to 
control 47.33%. 
Maximum reduction in infection frequency of Aspergillus flavus was recorded 
as 9.66% when seeds were treated with E. globulus followed by O. sanctum (10.66%), 
C.procera (20.41%), D.stramonium (21.64%), L.camara (21.68%), R.communis 
(22.28%), and E. hirta (23.41%) at 20% concentration as compared to control 
39.66%. 
In case of Rhizopus oryzae maximum reduction in infection frequency was 
recorded as 7.24% when seeds were treated with E. globulus followed by O. sanctum 
(10.24%), C.procera (14.62%), D.stramonium (14.87%), L.camara (17.62%), 
R.communis (19.53%), and E. hirta (19.68%) at 20% concentration as compared to 
control 31.33%. 
In case of Mucor spp maximum reduction in infection frequency was recorded 
as 6.33% when seeds were treated with E. globulus followed by C.procera (9.83%), 
O. sanctum (11.27%), D.stramonium (13.46%), L.camara (13.46%), R.communis 
(15.71%), and E. hirta (17.34%) at 20% concentration as compared to control 
29.33%. 
Maximum reduction in infection frequency of Penicillium spp was recorded as 
4.29% when seeds were treated with E. globulus followed by O. sanctum (8.59%), 
C.procera (10.25%), D.stramonium (11.22%), L.camara (11.33%), R.communis 
(14.28%), and E. hirta (14.32%) at 20% concentration as compared to control 
28.66%. 
In case of Curvularia lunata maximum reduction in infection frequency was 
recorded as 3.43% when seeds were treated with E. globulus followed by O. sanctum 
(7.83%), C.procera (9.12%), D.stramonium (9.21%), L.camara (10.29%), 
R.communis (10.78%), and E. hirta (11.98%) at 20% concentration as compared to 
control 23.33%. 
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In case of Drechslera australiensis maximum reduction in infection frequency 
was recorded as 3.34% when seeds were treated with E. globulus followed by 
C.procera (5.34%), O. sanctum (6.57%), D.stramonium (6.97%), L.camara (8.65%), 
R.communis (8.25%), and E. hirta (10.57%) at 20% concentration as compared to 
control 20.66%. 
Lowest frequency was recorded against Drechslera spp., in seed treatment 
with E. globulus 2.31%, followed by C.procera (3.15%), O.sanctum (3.71%), in seed 
treatment with D.stramonium (5.05%), L.camara (6.53%), R.communis (7.94%), and 
E. hirta (7.95%) at 20% concentration as compared to control 16.41% in case of 
Blotter method (Table 18A, Fig 9A).  
Highest seed germination was recorded in seed treatment with E. globulus as 
72.0%, followed by O.sanctum, (62.0%), C. procera (67.0%), D.stramonium (53.0%), 
L.camara (49.0%), R.communis (47.0%), and with E. hirta (44.0%), as compared to 
control 35.0% in Blotter method (Table 18A). 
In case of Agar plate method maximum reduction in infection frequency of 
A.triticina was recorded in seed treatment with E. globulus (24.56%), followed by 
C.procera (30.15%), O. sanctum (35.25%), D.stramonium (40.66%), L.camara 
(46.02%), R.communis (46.33%), and E. hirta (52.99%) at 20% concentration as 
compared to control 72.66% (Table 19A). 
In case of B.sorokiniana maximum reduction in infection frequency was 
recorded as 20.04% when seeds were treated with E. globulus followed by O. sanctum 
(30.35%), C.procera (34.49%), D.stramonium (34.66%), L.camara (39.77%), 
R.communis (41.75%), and E. hirta (51.05%) at 20% concentration as compared to 
control 65.33%. 
In case of Fusarium moniliforme maximum reduction in infection frequency 
was recorded as 15.12% when seeds were treated with E. globulus followed by O. 
sanctum (22.07%), C.procera (28.69%), D.stramonium (28.69%), L.camara 
(31.39%), R.communis (33.66%), and E. hirta (48.68%) at 20% concentration as 
compared to control 60.66%. 
Maximum reduction in infection frequency of Alternaria alternata was 
recorded as 13.33% when seeds were treated with E. globulus followed by C.procera 
(16.77%), O. sanctum (20.82%), D.stramonium (24.29%), L.camara (25.22%), 
Results  
130 
 
R.communis (26.68%), and E. hirta (46.31%) at 20% concentration as compared to 
control 57.33%. 
In case of Aspergillus niger maximum reduction in infection frequency was 
recorded as 11.07% when seeds were treated with E. globulus followed by C.procera 
(15.44%), O. sanctum (15.83%), D.stramonium (18.29%), L.camara (19.49%), 
R.communis (25.39%), and E. hirta (43.53%) at 20% concentration as compared to 
control 40.66%. 
Maximum reduction in infection frequency of Aspergillus flavus was recorded 
as 9.16% when seeds were treated with E. globulus followed by C.procera (11.01%), 
O. sanctum (12.4%), D.stramonium (13.7%) L.camara (15.21%), R.communis 
(22.77%), and E. hirta (33.66%) at 20% concentration as compared to control 
34.66%. 
In case of Rhizopus oryzae maximum reduction in infection frequency was 
recorded as 7.24% when seeds were treated with E. globulus followed by C.procera 
(10.23%), O. sanctum (10.33%), D.stramonium (10.52%), L.camara (11.23%), 
R.communis (17.8%), and E. hirta (26.24%) at 20% concentration as compared to 
control 29.33%. 
In case of Mucor spp maximum reduction in infection frequency was recorded 
as 6.57% when seeds were treated with E. globulus followed by C.procera (7.96%), 
O. sanctum (9.94%), D.stramonium (10.23%), L.camara (10.83%), R.communis 
(17.72%), and E. hirta (20.24%) at 20% concentration as compared to control 
26.66%. 
Maximum reduction in infection frequency of Penicillium spp was recorded as 
4.29% when seeds were treated with E. globulus followed by C.procera (5.68%), O. 
sanctum (5.89%), D.stramonium (8.42%), L.camara (9.42%), R.communis (11.78%), 
and E. hirta (14.64%) at 20% concentration as compared to control 26.33%. 
In case of Curvularia lunata maximum reduction in infection frequency was 
recorded as 3.23% when seeds were treated with E. globulus followed by O. sanctum 
(4.09%), C.procera (4.24%), D.stramonium (5.24%), L.camara (6.52%), R.communis 
(9.2%), and E. hirta (13.62%) at 20% concentration as compared to control 19.33%. 
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In case of Drechslera australiensis maximum reduction in infection frequency 
was recorded as 1.11% when seeds were treated with E. globulus followed by O. 
sanctum (2.11%), C.procera (3.21%), D.stramonium (4.12%), L.camara (4.16%), 
R.communis (6.18%), and E. hirta (12.66%) at 20% concentration as compared to 
control 15.66%. 
Lowest frequency was recorded against Drechslera spp., in seed treatment 
with E. globulus 1.0%, followed by C.procera (1.25%), O.sanctum (2.25%), in seed 
treatment with D.stramonium (3.18%), L.camara (4.02%), R.communis (4.12%), and 
E. hirta (9.11%) at 20% concentration as compared to control 11.08% in case of Agar 
plate method (Table 19A, Fig 9B).  
Highest seed germination was recorded in seed treatment with E. globulus as 
75.0%, followed by O. sanctum, (68.0%),  C. procera (53.0%), D.stramonium 
(52.0%), L.camara, (45.0%), R.communis, (42.0 %), and with E. hirta (40.0%), as 
compared to control 33.0% in Agar plate method (Table 19A). 
For further studies a second set of experiments was performed in the pots (Part 
2) outside the laboratory conditions.  
Results  
132 
 
Crop B – Maize 
Survey results of Aligarh field  
Out of eight surveyed localities in and around Aligarh district of Uttar 
Pradesh, India, it was found that the nature of occurrence of different pathogens of 
maize was more prevalent at Aligarh (Table 30B). Among the pathogenic fungi 
isolated Colletotrichum graminicola   with 50% infected and Aspergillus flavus with 
46% were more prominent and aggressive to maize crop. However, there was no 
definite relationship with these pathogens and localities, as the frequency of their 
occurrence was greatly varied in different localities wise. Similarly, Bipolaris 
sorokiniana 16%, Fusarium solani 20% were recorded in each locality but its 
occurrence was at varying extent, however, Aligarh was found to be more prevalent 
with these pathogens. 
Experiment 1 
Screening of different maize varieties collected from different areas of Aligarh 
district using Blotter Method. 
Different types of fungal species have been detected from the five screened 
varieties of maize by Blotter method. KH101 was found to be most susceptible in 
terms of fungal infection as   compared to other varieties. The occurrence of 
individual fungi varied widely. From the total population of fungi emerged in this 
study, variety KH101 was found to be associated with maximum no of fungal genera 
i.e. eight. Five genera were detected from all the four varieties of maize.  
In variety KH101 the most predominant fungi detected in order of prevalence 
were Aspergillus flavus, Aspergillus niger, Alternaria alternata, Colletotrichum 
graminicola, Fusarium moniliforme, Penicillium spp., Bipolaris sorokiniana, and 
Curvularia lunata. Maximum fungal incidence was recorded with Aspergillus flavus 
and minimum with Curvularia lunata in variety KH101 screening test (Table 31B). 
Experiment 2 
Viability and mycoflora of normal and abnormal seeds of maize variety KH 101 
Preliminary inspection of maize seeds: An inspection of dry seeds reveals that 
certain seeds were damaged, deformed, discoloured and contaminated with inert 
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matter and infected with mycelial fragments. Seeds were soaked for twenty four hours 
in water and then inspected again which showed the presence of more fungal species 
with poor germination of seeds in case of abnormal seeds. It is found that Aspergillus 
flavus, Aspergillus niger and Fusarium moniliforme were associated with both normal 
and abnormal seeds however, with a higher incidence in abnormal than normal seeds. 
Seeds with different types of discoloration were highly infected with Aspergillus 
flavus it was 68.0% on the seeds with discoloured embryo end while it was lowest 
2.15% in normal seeds. Incidence of Aspergillus niger 50.10% was found to be 
second highest on seed with discolored embryo end. Seed abnormalities that are 
associated with seed infection and discoloration had a higher incidence of fungal 
infection of seeds. Germination percentage of normal seeds was 35% and this was 
higher than that (4.2% - 18.0%) of the abnormal seeds (Table 32B). 
Experiment 3 
Studies of seed mycoflora of selected variety KH101. Different incubation 
methods were evaluated for the isolation of maximum number of fungal flora. Variety 
KH101 was again tested to check the association of different fungal flora by three 
isolation methods as recommended by ISTA. 
Blotter Method 
It is evident from Table 33B that 16 most frequently occurring fungi viz. 
Aspergillus flavus, Aspergillus niger, Aspergillus fumigatus, Alternaria alternata, 
Colletotrichum graminicola, Bipolaris sorokiniana, Bipolaris maydis, Fusarium 
moniliforme,  Fusarium oxysporum, Fusarium solani, Penicillium spp., Rhizopus 
oryzae, Rhizopus nigricans, Drechslera australiensis, Cladosporium herbarum, 
Mucor spp., were isolated from the non sterilized seeds of variety KH101 with Blotter 
method. 
For the internal seed mycoflora, seeds were surfaced sterilized by dipping in 0.1% 
mercuric chloride. Same fungi were isolated from sterilized seeds but with low 
frequency value however Cladosporium herbarum and Mucor spp., were absent after 
surface sterilization (Table 33B, Fig18 A). 
In case of non sterilized seeds highest frequency 85.12% was recorded for A. 
flavus followed by A. niger 75.33% where as in case of sterilized seeds again the 
highest frequency 69.22% was recorded for A. flavus followed by A.niger 66.15%. 
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Lowest frequency 7.06% was recorded for Mucor spp. in non sterilized seeds, 
however this fungus was absent in surface sterilized seeds (Table 4B). Percentage of 
germination of seeds in this blotter method was 24% in case of external seed 
mycoflora and in case of internal seed mycoflora 35% seed germination was recorded. 
Agar Plate Method 
A perusal of Table 33B indicates the results obtained from Agar plate method 
of non sterilized seeds, highest frequency  72.11% was  recorded for A. flavus 
followed by A.niger 68.22% where as in case of surface sterilized seeds highest 
fungal frequency was recorded for A. flavus 35.15% followed by A.niger 32.33%. 
Lowest frequency 11.06% was recorded for R. nigricans in case of non sterilized 
seeds, and 7.08% was recorded for D. australiensis in surface sterilized seeds (Table 
33B Fig18B). Percentage of germination of seeds was 29% in external seed mycoflora 
and 38% in internal seed mycoflora were recorded in Agar plate method. 
Deep freeze Method 
In Deep freeze method from non sterilized seeds highest frequency 77.11% 
was recorded for A. flavus followed by A.niger 72.18% where as in case of surface 
sterilized seeds fungal frequency again the highest 30.33% was recorded for A. flavus 
followed by A.niger 28.61%. Lowest frequency 9.05% was recorded for Mucor spp 
from non sterilized seeds and from sterilized seeds lowest frequency 6.58% was 
recorded for R. nigricans (Table 33B, Fig18C). Percentage of germination of seeds 
was 28% in non sterilized seed and 30% in sterilized seed were recorded in Deep 
freeze method. 
Experiment 4 and 5: Studies on transmission and location of the 
pathogen in the maize seeds by pathogenicity test and seedling 
symptoms test 
(4) Pathogenicity test was conducted under laboratory condition in Blotter 
method 
Most frequently occurring fungi of maize seeds were selected for 
pathogenicity tests. Out of which Aspergillus flavus, Aspergillus niger, Bipolaris 
sorokiniana, Colletotrichum graminicola, and  Fusarium moniliforme were tested for 
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their pathogenic behavior. The detailed description of symptoms produced by 
pathogenic fungi is as follows. 
Control: Germination percentage of seeds was recorded as 82.48%. 
 Aspergillus flavus: Germination percentage of seeds was 42.47% as compared 
to 82.48% in control. Highest percentage of infection was recorded with Aspergillus 
flavus 62.76%. Stunted growth of seedlings was observed.  
 Aspergillus niger: Percentage of seed germination was 56.71% as compared to 
82.48% in control. Aspergillus niger 48.37% was found to be the second most in case 
of infection in seeds. Discoloration of seeds and stunted growth of seedling was 
observed.  
 Bipolaris sorokiniana: Germination percentage of seeds was 64.14% as 
compared to 82.48% in control. Percentage of infection was 36.48%. Rotting of seed 
and stunted growth was noticed in infected seedlings. 
 Colletotrichum graminicola: Percentage of seed germination was 45.48% as 
compared to 82.48% in control. Percentage of infection was recorded as 52.41%. 
Stunted growth was recorded in infected seedlings. 
 Fusarium moniliforme: Germination percentage of seeds was 68.48% as 
compared to 82.48% in control. Percentage of infection recorded was 30.38%. Rotting 
of seeds and stunted growth of seedling was recorded during pathogenicity test. 
(Table 34B, Fig 19A) 
Seedling symptoms test 
Results of transmission of five seed-borne fungi of maize from seed to 
germinating seeds and seedling stage as determined by test tube seedling test are 
presented in Table 35B. In all five kernel rot pathogens namely A.niger, A.flavus, 
B.sorokiniana , F. moniliforme and C.graminicola were found to transmit to the 
germinating seeds causing pre-emergence and post emergence death. The rate of 
transmission of the seed pathogens from seed to germinating seeds causing pre 
emergence death of seed were higher in A.flavus, C.graminicola and F. moniliforme  
than that of transmission to seedling infection or seedling mortality.  
The highest percentage of pre emergence death or seed 65.71%, seedling 
infection 45.38%, post emergence death 44.39% and total disease development 
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40.11% were recorded. It was highest from the pathogen A.flavus followed by 
C.graminicola, F. moniliforme, B.sorokiniana from infected seeds to seedlings, 
lowest values were recorded from A.niger (35B, Fig 19B). 
Assessment of different pathogenicity test methods: 
Experiment 6: Pathogenicity test under pots/lab condition were carried out by 
four different methods on pathogenic fungi of Maize variety KH101 
 Four different methods were used for pathogenicity test to select the method 
which may be standardized for pathogenicity, pathogen variability/ aggressiveness 
analysis and screening of varieties against the seed and soil borne pathogen. During 
the current study, all of the four most frequently associated pathogens of maize were 
tested.  
Among the four methods, three were conducted in pot and the remaining one 
was employed in laborately using test tubes. Out of all these four methods, cotton 
swab test tube method Table 39B  was found to be the most suited one for the 
pathogenicity test and was subsequently determined the most efficient method to be 
used for pathogenicity/screening/aggressiveness analysis.  
(A) -Seed coating method 
In comparison to all the three methods, results of seed coating method showed 
the pre emergence death due to seed infection was recorded with A. flavus  64.38% 
followed by C. graminicola 45.03% as compared to control 5.1%. Pre emergence 
death of seedling was also recorded with A. flavus 72.05% followed by C. 
graminicola 45.37% as compared to control 5.6%. Post emergence death was 
recorded with A. flavus 31.71% followed by C. graminicola 25.04% as compared to 
control 3.2%.  A. flavus (4) and C. graminicola (4) were found to be most pathogenic 
on disease index 0-5 scale (Table 36B, Fig 20A). 
(B) - Spore suspension method 
In the second method which is spore suspension method in pre emergence 
death of seeds 18.71% was recorded with A. flavus followed by C. graminicola 
14.12% as compared to control 5.1%. Pre emergence death of seedling was also 
recorded with A. flavus 16.38% which was highest and followed by C. graminicola 
13.06% as compared to control 5.6%. Post emergence death was recorded with C. 
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graminicola 45.22% followed by A. flavus 24.39% as compared to control 3.2%. A. 
flavus (4) and C. graminicola (3) were found to be most pathogenic on disease index 
0-5 scale (Table 37B, Fig20B). 
(C) - Inoculum disc method 
In the third method which is inoculum disc method 36.07 % pre emergence 
death of seed were due to  A. flavus followed by B.sorokiniana i.e 32.7% as compared 
to control 5.1%.  Pre emergence death of seedling was recorded with A. flavus as 
43.71% which was highest and followed by B.sorokiniana 30.38% as compared to 
control 5.6%. Post emergence death was recorded with C. graminicola 27.38% at 
seedling stage followed by F. moniliforme 26.69 as compared to control 3.2%. A. 
flavus (3) was found to be most pathogenic on disease index 0-5 scale (Table 38B, 
Fig20C). 
     (D) - Cotton swab method  
In the fourth method which is cotton swab method, employed in laborately. 
Results obtained in this method are as follows. 65.15% pre emergence death of seeds 
due to A. flavus followed by B.sorokiniana i.e 45.12% as compared to control 6.5%. 
Pre emergence death of seedling was again recorded with A. flavus 42.16% which was 
highest and followed by B.sorokiniana 32.15% as compared to control 5.1%. Post 
emergence death was recorded with A. flavus 38.16 % at seedling stage followed by 
B.sorokiniana 35.15% as compared to control 4.5%. B.sorokiniana (4) and A. flavus 
(3) were found to be most pathogenic on disease index 0-5 scale (Table 39B, Fig 
20D). 
Disease management studies 
Experiment 7 
Screening of Biocontrol agents, Botanicals and Fungicides by Dual 
culture technique and Poison food technique in-vitro study. 
Efficacy of fungicides, biocontrol agents and plant extracts against the highly 
pathogenic fungi were tested in laboratory using poison food technique and dual 
culture technique.  
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In vitro evaluation of fungicides on the growth of fungi by Poison food method 
The efficacy of the fungicides was determined by the percentage inhibition of 
the mycelial growth. In the study conducted, the systemic and non systemic 
fungicides were evaluated for their effect on the mycelial growth of Aspergillus 
flavus, Bipolaris sorokiniana, Fusarium moniliforme and Colletotrichum graminicola. 
Results obtained on the fungitoxicity of all the fungicides against the four highly 
pathogenic seed-borne fungi in in-vitro study are presented in (Table 40B). The 
mycelial growth of the fungi was recorded after 10 days of incubation. Mycelial 
growth of the fungi declined over the control. It was found that the increase in the 
concentration of fungicides gradually decreased the radial mycelial growth of all the 
fungi. The results revealed the significant effect on the radial mycelial growth of all 
seed-borne fungi (at p=0.05) by carbendazim, benlate, mancozeb, and vitavax. 
Among the four fungicides carbendazim effectively inhibited the radial growth of 
Aspergillus flavus, Bipolaris sorokiniana, Fusarium moniliforme, and Colletotrichum 
graminicola followed by fungicide benlate, mancozeb, and vitavax. Mycelial growth 
of the fungi differed significantly at various concentrations. The growth inhibition 
was maximum at 500 ppm. 
In Aspergillus flavus least mycelial growth was recorded (15.77mm) with 
fungicide carbendazim, followed by benlate (15.81mm), mancozeb (17.03mm) and 
vitavax (25.71mm) at 500 ppm concentration as compared to control (87.06mm) (Fig 
21A). 
 In Bipolaris sorokiniana least mycelial growth was recorded (13.62mm) with 
fungicide carbendazim, followed by benlate (14.01mm), mancozeb (14.04mm)  and 
vitavax (16.63mm) at 500 ppm concentration as compared to control (82.67mm) (Fig 
21B). 
In Fusarium moniliforme least mycelial growth was recorded (15.14mm) with 
fungicide carbendazim, followed by benlate (18.81mm), mancozeb (20.84mm) and 
vitavax (21.07mm) as compared to control (85.53mm) at 500 ppm concentration (Fig 
21C). 
In Colletotrichum graminicola least mycelial growth was recorded for 
(12.66mm) in the treatment with fungicide carbendazim, followed by benlate 
(16.67mm),  mancozeb (18.07mm)  and vitavax (21.96mm) at 500 ppm concentration 
as compared to control (81.57mm) (Fig 21D). 
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Among the four fungicides, carbendazim was found to be the most effective 
one in inhibiting the mycelial growth of pathogenic fungi followed by benlate, 
mancozeb, and vitavax at 500 ppm concentration. Thus, fungicide carbendazim 
showed a detrimental effect on the in- vitro growth of the pathogenic fungi. A 
suppressive effect was displayed by the fungicide and the colony growth decreased 
with an increase in the concentration of the fungicide treatment (Table 40B, Fig21  
A,B,C,D). 
In vitro evaluation of Biocontrol agents on the growth of fungi by dual culture 
method 
In dual culture plate assay the data was recorded on percent decrease in radial 
mycelial growth of different seed-borne fungi. The results revealed the significant 
effect of the four biocontrol agents on the radial mycelial growth inhibition of all the 
pathogenic fungi (at p=0.05) by Trichoderma harzianum, Trichoderma viride, 
Pseudomonas fluorescens, and Bacillus subtilis as compared to control (Table 41B). 
The efficacy of the biocontrol agents was determined by the percent inhibition 
of the mycelial growth. In the study conducted, four biocontrol agents were evaluated 
for their effect on the mycelial growth of Aspergillus flavus, Bipolaris sorokiniana, 
Fusarium moniliforme and Colletotrichum graminicola. Results revealed that all the 
biocontrol agents were found singnificantly effective against the four seed-borne 
fungi in vitro as presented in (Table 41B). The mycelial growth of the fungi was 
recorded after 10 days of incubation. The mycelial growth of the fungi declined over 
the control. It was found that the increase in the number of spores in terms of CFU of 
biocontrol agents gradually decreased the radial growth of all the fungi. A perusal of 
data revealed that out of all the biocontrol agents, T.harzianum effectively inhibited 
the radial growth of A Aspergillus flavus, Bipolaris sorokiniana, Fusarium 
moniliforme and Colletotrichum graminicola followed by T.viride, P. fluorescens, and 
B.subtilis. Mycelial growth of the fungi differed significantly at various 
concentrations. The growth inhibition was maximum at 5 mm mycelia disc containing 
108 conidia/ml.  
In Aspergillus flavus least mycelial growth was recorded as (10.67mm) treated 
with T.harzianum, followed by T.viride (11.32mm), P. fluorescens (12.54mm) and 
B.subtilis (14.15mm) at 5 mm disc as compared to control (87.06mm) (Fig 22A). 
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In Bipolaris sorokiniana least mycelial growth was recorded as (12.21mm) 
treated with T.harzianum, followed by T.viride (12.23mm), P. fluorescens (13.22mm) 
and B.subtilis (14.16mm) at 5 mm disc as compared to control (82.67mm) (Fig 22B). 
In F.moniliforme least mycelial growth was recorded as (13.59mm) treated 
with T.harzianum, followed by T.viride (14.12mm), P. fluorescens (14.18mm) and 
B.subtilis (15.15mm) at 5 mm disc as compared to control (85.53mm) (Fig 22C). 
In Colletotrichum graminicola least mycelial growth was recorded as 
(14.22mm) treated with T.harzianum, followed by T.viride (15.28mm), P. fluorescens 
(16.11mm) and B.subtilis (18.12mm) at 5 mm disc as compared to control (81.57mm) 
(Fig 22D). 
Among the four biocontrol agents, T.harzianum was the most effective one in 
inhibiting the mycelial growth of pathogenic fungi followed by T.viride, P. 
fluorescens and B.subtilis at 5 mm disc. Thus, T.harzianum showed a detrimental 
effect on the in- vitro growth of the pathogenic fungi. A suppressive effect was 
displayed by the biocontrol agents and the colony growth decreased with an increase 
in the concentration of CFU/ml with respect to all treatment (Table 41B, Fig 
22A,B,C,D). 
In vitro evaluation of plant extracts on the growth of fungi by Poison food 
method 
The efficacy of the plant extracts was determined by the percentage inhibition 
of the mycelial growth. In the study conducted, the plant extracts were evaluated for 
their effect on the mycelial growth of four pathogenic fungi viz. Aspergillus flavus, 
Bipolaris sorokiniana, Fusarium moniliforme and Colletotrichum graminicola. 
Results obtained on the fungitoxicity of all the plant extracts against the fungi in vitro 
are presented in Table 42B. The radial mycelial growth of the fungi was recorded 
after 10 days of incubation. The mycelial growth of the fungi declined over the 
control. It was found that the increase in the concentration of plant extracts   gradually 
decreased the radial growth of all the fungi. A perusal of data revealed that plant 
extract of Eucalyptus globulus effectively inhibited the radial growth of Aspergillus 
flavus, Bipolaris sorokiniana, Fusarium moniliforme and Colletotrichum graminicola 
followed by Calotropis procera, Ocimum sanctum, Datura stramonium, Lantana 
camara, Ricinus communis, Euphorbia hirta. The growth inhibition was maximum at 
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20% concentration. Although all the plant extracts used during the studies gave 
encouraging results, but the best results was given by E. globulus at 20% 
concentration.  
In Aspergillus flavus least mycelial growth was recorded as (14.12mm)  
treated with E. globulus, followed by C. procera (15.15mm), O.sanctum (17.18mm), 
D.stramonium (17.77mm), L.camara (19.07mm), E. hirta (21.96mm), and R. 
communis (23.11mm) at 20 % concentration as compared to control (87.06) (Fig 
23A). 
In Bipolaris sorokiniana least mycelial growth was recorded as (12.05mm) 
treated with E. globulus, followed by C. procera (13.21mm), O. sanctum (16.11mm), 
D.stramonium (18.81mm), L.camara (20.11mm), E. hirta (22.71mm)  and R. 
communis (24.77mm) at 20% concentration as compared to control (82.67mm) (Fig 
23B). 
In F.moniliforme least mycelial growth was recorded as (10.12mm) treated 
with E. globulus, followed by C. procera (12.05mm), O. sanctum (15.16mm), 
D.stramonium (18.07mm), L.camara (19.62mm), E. hirta (20.51mm)  and R. 
communis (25.81mm) at 20% concentration as compared to control (85.53mm) (Fig 
23C). 
In Colletotrichum graminicola least mycelial growth was recorded as 
(11.13mm) treated with E. globulus, followed by C. procera (11.16mm), O. sanctum 
(14.12mm), D.stramonium (17.07mm), L.camara (17.43mm), E. hirta (20.22mm) and 
R. communis (21.36mm) at 20% concentration as compared to control (81.57mm) 
(Fig 23D). 
Among the seven botanicals, E. globulus was the most effective in inhibiting the 
mycelial growth of pathogenic fungi followed by C. procera, O. sanctum, 
D.stramonium, L.camara, R. communis, and E. hirta at 20% concentration. Thus, E. 
globulus showed a detrimental effect on the in- vitro growth of the pathogenic fungi. 
A suppressive effect was displayed by the plant extracts and the colony growth 
decreased with increase in concentration of plant extract with respect to all treatments 
(Table 42A, Fig 23 A,B,C,D). 
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Experiment (8) 
Management strategies to minimize seed-borne fungal infections of maize seeds 
with seed priming. 
Seed priming using fungicides 
The effect of seed treatment with fungicides on fungal infection percentage 
and seed germination percentage are presented in Table 43B and 44B. Four fungicides 
at 500 ppm concentration as seed priming were tested for their efficacy in the 
management of seed-borne fungal infections of maize using Blotter and Agar plate 
method.  
Among the four fungicides tested for their efficacy in the management of 
seed-borne infection of wheat with various fungal contaminants, seed treatment with 
Carbendazim showed least seed infection with higher per cent germination as 
compared to control which differed significantly from seed treatment with benlate, 
mancozeb, and vitavax. Data of analysis of variance showed that among the four seed 
dressing fungicides tested, maximum reduction in infection frequency of A.flavus was 
observed in seed treatment with carbandazim 25.22%, followed by benlate 28.34%, 
mancozeb 45.34% and vitavax 48.28%  at 500 ppm concentration as compared to 
control 85.23% (Table 43B, Fig 24A). 
In case of Aspergillus niger maximum reduction in infection frequency was 
recorded as 20.17% when the seeds were treated with fungicide carbandazim, 
followed by benlate 24.33%, mancozeb 35.23% and vitavax 45.16% at 500 ppm 
concentration as compared to control 72.33%. 
In case of Alternaria alternata maximum reduction in infection frequency was 
recorded as 16.12% when the seeds were treated with fungicide carbandazim, 
followed by benlate 20.12%, mancozeb 30.15% and vitavax 42.21% at 500 ppm 
concentration as compared to control 65.26%. 
Maximum reduction in frequency of infection of Colletotrichum graminicola 
was recorded as 11.06% when seeds treated with fungicide carbendazim, followed by 
benlate 18.11%, mancozeb 26.22% and vitavax 32.38% at 500 ppm concentration as 
compared to control 56.66%. 
In case of Bipolaris sorokiniana maximum reduction in infection frequency 
was recorded as 10.25% when the seeds were treated with fungicide carbandazim, 
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followed by benlate 18.11%, mancozeb 23.24% and vitavax 30.21% at 500 ppm 
concentration as compared to control 47.33%. 
Maximum reduction in infection frequency of Fusarium moniliforme was 
recorded as 8.11% when seeds were treated with fungicide carbendazim, followed by 
benlate 16.17%, mancozeb 16.22% and vitavax 27.17% at 500 ppm concentration as 
compared to control 38.66%. 
In case of Fusarium solani maximum reduction in infection frequency was 
recorded as 7.12% when the seeds were treated with fungicide carbandazim, followed 
by benlate 12.11%, mancozeb 13.18% and vitavax 22.33% at 500 ppm concentration 
as compared to control 30.33%. 
In case of Drechslera australiensis maximum reduction in infection frequency 
was recorded as 5.15% when the seeds were treated with fungicide carbandazim, 
followed by benlate 10.23%, mancozeb 11.09% and vitavax 19.22% at 500 ppm 
concentration as compared to control 29.23%. 
Maximum reduction in infection of Penicillium spp was recorded as 4.12% 
when seeds treated with fungicide carbendazim, followed by benlate 10.05%, 
mancozeb 10.12% and vitavax 15.16% at 500 ppm concentration as compared to 
control with 26.26% infection. 
In case of Rhizopus nigricans maximum reduction in infection was recorded 
3.11% when the seeds were treated with fungicide carbendazim, followed by benlate 
5.12%, mancozeb 8.11% and vitavax 12.33% at 500 ppm concentration as compared 
to control with 24.13% infection. 
Maximum reduction in infection of Mucor spp was recorded 2.28% when 
seeds treated with fungicide carbendazim, followed by benlate 4.08%, mancozeb 
4.11% and vitavax 9.12% at 500 ppm concentration as compared to control 22.36%. 
Lowest frequency of infection was recorded against Cladosporium herbarum 
in seed treatment with carbendazim 2.04%, followed by benlate 2.11%, mancozeb 
3.12% and vitavax 5.18% as compared to control 18.21% at 500 ppm concentration in 
Blotter Method. Highest germination in seeds was observed in seed treatment with 
carbandazim 88.0%, followed by benlate(85.0%, mancozeb 72.0%, and with vitavax 
70.0% as compared to control 48.0% in blotter method (Table 43B, Fig 24A). 
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In case of Agar plate method maximum reduction in infection frequency of 
A.flavus was observed in seed treatment with carbandazim 19.21%, followed by 
benlate 25.21%, mancozeb 42.22% and vitavax 47.16%  at 500 ppm concentration as 
compared to control 78.23% (Table 44B, Fig 24B). 
In case of Aspergillus niger maximum reduction in frequency of infection was 
recorded as 16.12% when the seeds were treated with fungicide carbendazim, 
followed by benlate 22.16%, mancozeb 34.18% and vitavax 46.27% at 500 ppm 
concentration as compared to control 70.33% infection. 
In case of Alternaria alternata maximum reduction in frequency of infection 
was recorded as 15.11% when the seeds were treated with fungicide carbendazim, 
followed by benlate 17.12%, mancozeb 24.33% and vitavax 33.27% at 500 ppm 
concentration as compared to control 65.26%. 
Maximum reduction in infection of Colletotrichum graminicola was recorded 
as 10.12% when the seeds treated with fungicide carbendazim, followed by benlate 
18.11%, mancozeb 26.22% and vitavax 32.38% at 500 ppm concentration as 
compared to control 61.36%. 
In case of Bipolaris sorokiniana maximum reduction in infection was recorded 
9.15% when the seeds were treated with fungicide carbendazim, followed by benlate 
15.21%, mancozeb 21.26% and vitavax 29.12% at 500 ppm concentration as 
compared to control 57.33%. 
Maximum reduction in infection frequency of Fusarium moniliforme was 
recorded 8.05% when the seeds treated with fungicide carbendazim, followed by 
benlate 14.17%, mancozeb 20.21% and vitavax 26.22% at 500 ppm concentration as 
compared to control 49.16%. 
In case of Fusarium solani maximum reduction in infection frequency was 
recorded 6.16% when the seeds were treated with fungicide carbendazim, followed by 
benlate 12.11%, mancozeb 14.11% and vitavax 21.33% at 500 ppm concentration as 
compared to control 35.33%. 
In case of Drechslera australiensis maximum reduction in infection frequency 
was recorded as 5.05% when the seeds were treated with fungicide carbandazim, 
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followed by benlate 9.21%, mancozeb 11.08% and vitavax 19.21% at 500 ppm 
concentration as compared to control 32.33%. 
Maximum reduction in infection frequency of Penicillium spp was recorded 
4.09% when the seeds treated with fungicide carbendazim, followed by benlate 
7.11%, mancozeb 9.11% and vitavax 12.11% at 500 ppm concentration as compared 
to control 27.16%. 
In case of Rhizopus nigricans maximum reduction in infection frequency was 
recorded 3.08% when the seeds were treated with fungicide carbendazim, followed by 
benlate 4.05%, mancozeb 6.11% and vitavax 11.09% at 500 ppm concentration as 
compared to control 25.33%. 
Maximum reduction in infection frequency of Mucor spp was recorded 2.06% 
when the seeds treated with fungicide carbendazim, followed by benlate 3.02%, 
mancozeb 3.11% and vitavax 9.03% at 500 ppm concentration as compared to control 
21.26%. 
Lowest frequency was recorded against C. herbarum in seed treatment with 
carbendazim 2.02%, followed by benlate 2.03%, mancozeb 2.11%, and vitavax 4.12%  
as compared to control 15.41% at 500 ppm concentration. However, D australiensis 
and Drechslera spp. were completely controlled by all four fungicides at 500 ppm 
concentration. Highest germination was observed in seed treatment with benlate 
81.0%)followed by carbendazim 78.0 %, mancozeb 68.0%, and with vitavax 66.0% 
as compared to control 33.0% in Agar plate method (Table 44B, Fig 24B). 
Seed treatment using biocontrol agents 
The effect of seed treatment with biocontrol agents on fungal infection 
percentage and seed germination percentage are presented in Table 45B.  Four 
biocontrol agents were tested for their efficacy in the management of seed-borne 
fungal infections of maize using Blotter and Agar plate method (Table 45B and 46B).  
Among the four biocontrol agents tested for their efficacy in the management 
of seed-borne infection of maize with various fungal contaminants, seed treatment 
with T. harzianum showed least seed infection with higher percent germination as 
compared to control which differed significantly from seed treatment with T. viride, 
P. fluorescens, and  B.subtilis. Data of analysis of variance showed that among the 
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four seed priming biocontrol agents tested, maximum reduction in infection of 
A.flavus was observed in seed treatment with T. harzianum 22.28%, followed by P. 
fluorescens 25.23%, T. viride 26.23% and B.subtilis 28.22% at 5mm disc containing 
108 spores/ml as compared to control (85.23%) in blotter method (Table 45B). 
In case of Aspergillus niger maximum reduction in infection frequency was 
recorded as 21.21% when seeds were treated with T. harzianum, followed by P. 
fluorescens 22.29%, T. viride 24.21% and B.subtilis 25.18% at 5mm disc 
containing108 spores/ml as compared to control with 72.33% infection. 
Maximum reduction in infection frequency of Alternaria alternata was 
recorded as 20.18% when seeds were treated with T. harzianum, followed by P. 
fluorescens 20.32%, T. viride 21.32% and B.subtilis 22.33% at 5mm disc containing 
108 spores/ml as compared to control 65.26%. 
In case of Colletotrichum graminicola maximum reduction in infection 
frequency was recorded as 18.22% when seeds were treated with T. harzianum, 
followed by P. fluorescens 20.16%, T. viride 20.22% and B.subtilis 22.21% at 5mm 
disc containing 108 spores/ml as compared to control 56.66%. 
Maximum reduction in infection frequency of Bipolaris sorokiniana was 
recorded as 15.12% when seeds were treated with T. harzianum, followed by P. 
fluorescens 17.12%, T. viride 17.29% and B.subtilis 20.12% at 5mm disc containing 
108spores/ml as compared to control 47.33%. 
In case of Fusarium moniliforme maximum reduction in infection was 
recorded as 10.09% when seeds were treated with T. harzianum, followed by P. 
fluorescens 12.11%, T. viride 15.33% and B.subtilis 19.22% at 5mm disc containing 
108 spores/ml as compared to control 38.66%. 
In case of Fusarium solani maximum reduction in infection frequency was 
recorded as 8.11% when seeds were treated with T. harzianum, followed by P. 
fluorescens 10.21%, T. viride 11.26% and B.subtilis 15.18% at 5mm disc containing 
108 spores/ml as compared to control 30.33%. 
Maximum reduction in infection frequency of Drechslera australiensis was 
recorded as 8.02% when seeds were treated with T. harzianum, followed by P. 
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fluorescens 8.11%, T. viride 10.16% and B.subtilis 12.11% at 5mm disc containing 
108 spores/ml as compared to control 29.23%. 
In case of Penicillium spp maximum reduction in infection frequency was 
recorded as 5.05% when seeds were treated with T. harzianum, followed by P. 
fluorescens 6.09%, T. viride 7.12% and B.subtilis 9.11% at 5mm disc containing 108 
spores/ml as compared to control with 26.26% infection. 
Maximum reduction in infection frequency of Rhizopus nigricans was 
recorded as 3.12% when seeds were treated with T. harzianum, followed by P. 
fluorescens 4.02%, T. viride 5.11% and B.subtilis 6.12% at 5mm disc containing 108 
spores/ml as compared to control 24.13%. 
In case of Mucor spp maximum reduction in infection frequency was recorded 
in the treatment with P. fluorescens 2.05%, followed by T. viride  2.05% and 
B.subtilis 2.08% as compared to control 22.36% at 5mm disc containing 108 
spores/ml however this fungus was absent in seed treatment with  T. harzianum. 
Lowest frequency was recorded against C. herbarum in seed treatment with T. 
viride (2.01%), followed by B.subtilis 1.11% as compared to control 18.21% at 5mm 
disc containing 108 spores/ml, however this fungus was absent in seed treatment with 
T. harzianum and P. fluorescens. Mucor spp was also absent in seed treatment with T. 
harzianum.   
Highest seed germination was recorded in seed treatment with T. harzianum 
84.0 %, followed by P. fluorescens 82.0 %, T. viride 76.0%, and with B.subtilis 
74.0% as compared to control 48.0% in blotter method (Table 45B, Fig 25A). 
 In case of Agar plate method maximum reduction in infection frequency of 
A.flavus was observed in seed treatment with T. harzianum 23.21%, P. fluorescens 
24.23%, T. viride 26.34%, and B.subtilis 27.15% at 5mm disc containing 
108spores/ml as compared to control 78.23% (Table 46B). 
In case of Aspergillus niger maximum reduction in infection frequency was 
recorded as 20.18% when seeds were treated with T. harzianum, followed by P. 
fluorescens 22.11%, T. viride 22.15%, and B.subtilis 23.22% at 5mm disc 
containing108 spores/ml as compared to control 70.33%. 
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Maximum reduction in infection frequency of Alternaria alternata was 
recorded as 18.12% when seeds were treated with T. harzianum, followed by P. 
fluorescens 19.85%, T. viride 19.23%, and B.subtilis 19.17% at 5mm disc containing 
108 spores/ml as compared to control 65.26%. 
In case of Colletotrichum graminicola maximum reduction in infection 
frequency was recorded as 15.24%when seeds were treated with P. fluorescens 
followed by T. harzianum 16.16%, T. viride 16.21%, and B.subtilis 17.18% at 5mm 
disc containing 108 spores/ml as compared to control 61.36%. 
Maximum reduction in infection frequency of Bipolaris sorokiniana was 
recorded as 13.18% when seeds were treated with P. fluorescens followed by T. 
harzianum 14.21%, T. viride 15.22%, P. fluorescence and B.subtilis16.29 % at 5mm 
disc containing 108spores/ml as compared to control 57.33%. 
In case of Fusarium moniliforme maximum reduction in infection frequency 
was recorded as 11.16% when seeds were treated with T. harzianum, followed by P. 
fluorescens 11.27%, T. viride 12.22%, and B.subtilis 12.25% at 5mm disc containing 
108 spores/ml as compared to control 49.16%. 
In case of Fusarium solani maximum reduction in infection frequency was 
recorded as 9.19% when seeds were treated with T. harzianum, followed by P. 
fluorescence 9.27%, T. viride 10.12%, and B.subtilis 10.18% at 5mm disc containing 
108 spores/ml as compared to control 35.33%. 
Maximum reduction in infection frequency of Drechslera australiensis was 
recorded as 6.12% when seeds were treated with T. harzianum, followed by P. 
fluorescens 6.11%, T. viride 6.16%, and B.subtilis 8.11% at 5mm disc containing 108 
spores/ml as compared to control 32.33%. 
In case of Penicillium spp maximum reduction in infection was recorded 
5.13% when seeds were treated with T. harzianum, followed by T. viride 5.15%, P. 
fluorescens 5.15% and B.subtilis 6.11% at 5mm disc containing 108 spores/ml as 
compared to control 27.16%. 
Maximum reduction in infection frequency of Rhizopus nigricans was 
recorded 3.05% when seeds were treated with T. harzianum, followed by P. 
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fluorescens 3.08%, T. viride 3.09%, and B.subtilis 3.11% at 5mm disc containing 108 
spores/ml as compared to control 25.33%. 
In case of Mucor spp maximum reduction in infection frequency was recorded 
in treatment with P. fluorescens 2.11% followed by T. viride 2.13% and B.subtilis 
2.18% as compared to control 21.26% at 5mm disc containing 108 spores/ml however 
this fungus was absent in seed treatment with T. harzianum. 
Lowest frequency was only recorded against C. herbarum seed treatment with 
T. viride 1.07%, and B.subtilis 2.09% as compared to control 15.41% however this 
fungus was absent in seed treatment with T. harzianum, and P. fluorescens. 
Highest germination was observed in seed treatment with T. harzianum 75.0%, 
followed by P. fluorescens 73.0%, T. viride 72.0%, and with B.subtilis 68.0% as 
compared to control 48.0% in Agar plate method (Table 46B, Fig 25B). 
Seed priming using botanicals 
The effect of seed treatment with botanicals on fungal infection percentage 
and seed germination percentage are presented in table (Table 47B and 48B). Seven 
botanicals were tested for their efficacy in the management of seed-borne fungal 
infections of maize by using Blotter and Agar plate method. 
Among the seven botanicals tested for their efficacy in the management of 
seed-borne infection of maize with various fungal contaminants, seed treatment with 
Eucalyptus globulus showed least seed infection with higher germination percentage 
as compared to control which differed significantly from seed treatment with 
Calotropis procera, Ocimum sanctum, Lantana camara,  Ricinus communis and 
Euphorbia hirta.  
Data analysis of variance showed that among the seven seed priming 
botanicals tested, maximum reduction in infection of A.flavus was observed in seed 
treatment with E. globulus as 24.36% fungal frequency, followed by C.procera 
27.36%, O. sanctum 28.12%, D.stramonium 32.33%, L.camara 33.24%, E. hirta 
35.03%, and R.communis 38.23%  at 20% concentration as compared to control 
85.23% in blotter method. 
Maximum reduction in infection of Aspergillus niger was observed in seed 
treatment with E. globulus as 20.34%, followed by C.procera 23.34%, O. sanctum 
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26.23%, D.stramonium 29.22%, L.camara 31.08%, E. hirta 31.16%, and R.communis 
33.31%  at 20% concentration as compared to control 72.33%. 
In case of Alternaria alternata maximum reduction in infection was recorded 
with E. globulus 16.12%, followed by C.procera 18.12%, O. sanctum 24.21%, 
D.stramonium 26.19%, L.camara 26.29%, E. hirta 29.66%, and R.communis 30.24%  
at 20% concentration as compared to control 65.26%. 
In case of Colletotrichum graminicola maximum reduction in infection 
frequency was recorded with E. globulus 14.23%, followed by C.procera 15.33%, O. 
sanctum 22.27%, D.stramonium 23.01%, L.camara 23.21%, E. hirta 24.03%, and 
R.communis 27.21%  at 20% concentration as compared to control 56.66%. 
Maximum reduction in infection frequency of Bipolaris sorokiniana was 
observed in seed treatment with C.procera 11.17% followed by E. globulus 12.17%, 
O. sanctum 20.17%, D.stramonium 20.14%, L.camara 21.16%, E. hirta 23.12%, and 
R.communis 23.33%  at 20% concentration as compared to control 47.33%. 
In case of Fusarium moniliforme maximum reduction in frequency infection 
was recorded with C.procera 8.26%, followed by E. globulus 10.16%, O. sanctum 
17.24%, D.stramonium 18.11%, L.camara 19.18%, E. hirta 20.21%, and R.communis 
22.28%  at 20% concentration as compared to control 38.66%. 
In case of Fusarium solani maximum reduction in infection frequency was 
recorded with E. globulus 5.24% followed by C.procera 9.24%, O. sanctum 14.25%, 
D.stramonium 15.12%, L.camara 15.22%, E. hirta 16.18%, and R.communis 19.53% 
at 20% concentration as compared to control 30.33%. 
Maximum reduction in infection frequency of Drechslera australiensis was 
observed in seed treatment with C.procera 4.13%, followed by E. globulus 9.13%, O. 
sanctum 11.27%, D.stramonium 12.16%, L.camara 13.16%, E. hirta 13.21%, and 
R.communis 17.34%  at 20% concentration as compared to control 29.23%. 
In case of Penicillium spp maximum reduction in infection frequency was 
recorded with E. globulus 3.29 followed by C.procera 7.19%, O. sanctum 9.25%, 
D.stramonium 10.13%, L.camara 11.09%, E. hirta 11.12%, and R.communis 14.32%  
at 20% concentration as compared to control 26.26%. 
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Maximum reduction in infection frequency of Rhizopus nigricans was 
observed in seed treatment with E. globulus 2.13%, followed by C.procera 5.13%, O. 
sanctum 7.11%, D.stramonium 7.12%, L.camara 7.21%, E. hirta 8.29%, and 
R.communis 10.78%  at 20% concentration as compared to control 24.13%. 
In case of Mucor spp maximum reduction in infection frequency was recorded 
with E. globulus 2.04%, followed by C.procera 4.04%, O. sanctum 4.12%, 
D.stramonium 5.15%, L.camara 5.17%, E. hirta 7.16%, and R.communis 10.57%  at 
20% concentration as compared to control 22.36%. 
Lowest frequency was recorded against C. herbarum in seed treatment with E. 
globulus1.05%, followed by C.procera 2.11%, O. sanctum 3.13%, D.stramonium 
3.15%, L.camara 3.16%, E. hirta 5.15% and R.communis 7.94% at 20 ml 
concentration as compared to control 18.21% in case of Blotter Method (Table 47B).  
Highest seed germination was observed in seed treatment with E. globulus 
75.0%, followed by C. procera 72.0%, O.sanctum, 66.0%, D.stramonium 57.0%, 
L.camara, 53.0 %, E. hirta, 45.0 %, and with R.communis 33.0 %, as compared to 
control 48.0 % in blotter method (Table 47B, Fig 26’A). 
In case of Agar plate method maximum reduction in infection frequency of 
A.flavus was observed in seed treatment with E.globulus 22.36%, followed by 
C.procera 23.33%,  O. sanctum 24.36%, D.stramonium 27.15%, L.camara 30.22%, 
E. hirta 32.29% and R.communis 34.25% at 20% concentration as compared to 
control 78.23% in Agar plate method (Table 48B). 
Maximum reduction in infection frequency of Aspergillus niger was observed 
in seed treatment with E. globulus 18.14%, followed by C.procera 20.27%, O. 
sanctum 21.16%, D.stramonium 24.21%, L.camara 26.29%, E. hirta 28.15%, and 
R.communis 31.35%  at 20% concentration as compared to control 70.33%. 
In case of Alternaria alternata maximum reduction in infection frequency was 
recorded with E. globulus 15.12%, followed by C.procera 17.16%, O. sanctum 
20.07%, D.stramonium 23.19%, L.camara 23.19%, E. hirta 23.28%, and R.communis 
27.69%  at 20% concentration as compared to control 65.26%. 
In case of Colletotrichum graminicola maximum reduction in infection 
frequency was recorded with E. globulus 11.23%, followed by C.procera 13.12%, O. 
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sanctum 16.22%, D.stramonium 17.29%, L.camara 20.31%, E. hirta 21.18 %, and 
R.communis 24.22%  at 20% concentration as compared to control 61.36%. 
 
Maximum reduction in infection frequency of Bipolaris sorokiniana was observed in 
seed treatment with E. globulus 9.17%, followed by C.procera 11.14%, O. sanctum 
13.23%, D.stramonium 14.49%, L.camara 17.33%, E. hirta 18.19%, and R.communis 
19.29%  at 20% concentration as compared to control 57.33%. 
In case of Fusarium moniliforme maximum reduction in infection frequency 
was recorded with E. globulus 6.16%, followed by C.procera 10.24%, O. sanctum 
11.17%, D.stramonium 13.01%, L.camara 13.16%, E. hirta 14.21%, and R.communis 
15.27%  at 20% concentration as compared to control 49.16%. 
In case of Fusarium solani maximum reduction in infection frequency was 
recorded with E. globulus 4.14%, followed by C.procera 8.32%, O. sanctum 10.23%, 
D.stramonium 10.33%, L.camara 11.23%, E. hirta 11.24%, and R.communis 13.11%  
at 20% concentration as compared to control 35.33%. 
Maximum reduction in infection frequency of Drechslera australiensis was 
observed in seed treatment with E. globulus 3.17%, followed by C.procera 6.16%, O. 
sanctum 8.14%, D.stramonium 9.23%, L.camara 9.23%, E. hirta 9.24%, and 
R.communis 10.22%  at 20% concentration as compared to control 32.33%. 
In case of Penicillium spp maximum reduction in infection was recorded with 
E. globulus 3.09%, followed by C.procera 5.28%, O. sanctum 5.19%, D.stramonium 
7.12%, L.camara 7.15%, E. hirta 7.17%, and R.communis 7.42%  at 20% 
concentration as compared to control 27.16%. 
Maximum reduction in infection frequency of Rhizopus nigricans was 
observed in seed treatment with E. globulus 2.13%, followed by C.procera 4.12%, O. 
sanctum 4.14%, D.stramonium 4.19%, L.camara 4.24 %, E. hirta 5.11 %, and 
R.communis 5.12%  at 20% concentration as compared to control 25.33%. 
In case of Mucor spp maximum reduction in infection frequency was recorded 
with E. globulus 2.15%, followed by C.procera 3.09%, O. sanctum 3.11%, 
D.stramonium 3.12%, L.camara 4.09%, E. hirta 3.11%, and R.communis 3.15%  at 
20% concentration as compared to control 21.26%. 
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Lowest frequency was recorded against C. herbarum in seed treatment with E. 
globulus1.05%, followed by C.procera 1.25%, O. sanctum 1.25%, D.stramonium 
2.09%, L.camara 2.11%, E. hirta 2.05% and R.communis 2.05% at 20% concentration 
as compared to control 33.0% however this fungus was absent in seed treatment with 
E. globulus (Table 48B, Fig 26’B).  
Highest germination of seed was observed in seed treatment with E. globulus 
71.0 %, followed by C. procera 65.0%, O. sanctum, 62.0%, D.stramonium 56.0%, 
L.camara, 52.0%, E. hirta   42.0%, and with R.communis 32.0%, as compared to 
control 33.0% in Agar plate method (Table 48B,). 
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EXPERIMENTAL RESULTS 
 The studies conducted at the department of Botany, A.M.U. Aligarh to 
evaluate the effect of biocontrol agents, fungicides, and botanicals on the growth as 
well as productivity parameters of wheat and maize in relation to the management of 
seed-borne infection and its effect on plant growth and seed yield. 
 The efficacy of different biocontrol agents, fungicides and botanicals were 
assessed singly as well as in different combinations on the leaf blight infection caused 
by Alternaria triticina and loose smut infection caused by Ustilago tritici on wheat 
and Aspergillus Ear rot infection caused by Aspergillus flavus and Anthracnose leaf 
blight infection caused by Colletotrichum graminicola in maize were observed in 
terms of growth parameters such as shoot length, shoot fresh and dry weight, root 
fresh and dry weight, number of spikelets per spike, number of grain per spike. 
Similarly biochemical parameters like chlorophyll content, carotenoid content from 
leaves and protein and carbohydrate content in seeds were analyzed.  
 All the treatments showed a decrease in the seed-borne infection and an 
increase in the plant growth of wheat and maize. Among all the treatments, seed 
treatment singly or in combined application with FYM were found to be the best in 
terms of growth and yield. The improvement in growth parameters seems to be due to 
the combined effects of amended FYM and seed treatments or foliar spray alone or in 
combination with biocontrol agents, botanicals, and fungicides.  
 Growth parameters and nutrient content will be discussed separately in the 
following pages. 
Crop A – Wheat 
Pathogenicity test (Pot experiments) 
The experiment was conducted to test the pathogenicity of Alternaria triticina 
and Ustilago tritici on wheat plant in green house to determine the inoculum threshold 
levels. 
To determine the inoculum threshold level of Alternaria triticina, the flag 
leaves of wheat were inoculated with different inoculum levels (2x104  spores/ml, 
3x104 spores/ml, 4x104 spores/ml, 5x104 spores/ml and 6x104 spores/ml) of the 
pathogen Alternaria triticina. There was no significant variation in plant growth 
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parameters up to 3x104 spores/ml, but it was clearly found that there is a gradual 
reduction in plant growth with the increase in the inoculum level of the fungus and 
was statistically significant. Maximum reduction in plant growth parameters was 
observed at the highest inoculum level 3 (4x104 spores/ml spores/ml). Moreover, 
significant reduction in plant growth parameters due to pathogenic fungus started at 
and above 4x104 spores/ml. It was recorded in shoot length (65.33 cm), fresh (14.36 
g) and dry weight (4.16 g) of shoot, root length (9.11 cm), fresh (0.0015 g) and dry 
(0.0004 g) weight of root, number of spikelets/spike (8.12), average grain yield 
(15.23), chlorophyll (0.65 mg/g) and carotenoid (0.11mg/g) content were recorded at 
inoculum level 3 as compared to control. Highest leaf infection (5) was also recorded 
at this inoculum level (Table 20A).  
To determine the inoculum threshold level of Ustilago tritici, the inflorescence 
of wheat were inoculated with different inoculum levels (1.5 x103 spores/ml, 1.5 x104 
spores/ml, 1.5 x105 spores/ml, 1.5 x106 spores/ml and 1.5 x107 spores/ml) of the 
Ustilago tritici. There was no significant variation in plant growth parameters up to 
1.5 x104 spores/ml, but it was clearly found that percent reduction in plant growth 
gradually increased with the increase in the inoculum level.  Significant reduction in 
plant growth parameters was observed at the inoculum level 3 (1.5 x105 spores/ml).  
Moreover, significant reduction in plant growth parameters was recorded at and above 
1.5 x104 spores/ml. The reduction in shoot length (62.45 cm), fresh (14.02 g) and dry 
weight (5.50 g) of shoot, root length (7.22 cm), fresh (0.0016 g) and dry (0.0006 g) 
weight of root, number of spikelets/ spike (9.12), grain yield (16.27), chlorophyll 
(0.69 mg/g) and carotenoid (0.15 mg/g) content were recorded at inoculum level 3 as 
compared to control. Highest inflorescence infection (5) was also recorded at this 
inoculum level (Table 21A).  
Management studies for the two common disease of wheat: A survey of the field in 
the locality of Aligarh shows the prevalence of these diseases.  
Management of Alternaria leaf blight infection on wheat plants caused by 
A.triticina.  
 An improvement in growth conditions was observed due to the various 
treatments and application of FYM alone and in different combination with biocontrol 
agents such as T. harzianum, T. viride,  P. fluorescens, and B. subtilis, with 
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fungicides, Carbendazim (Bavistin), Vitavax (Carboxin), Mancozeb (Dithane M-45) 
and Benlate (Thiram), with botanicals viz. Eucalyptus globulus, Calotropis procera, 
Ocimum sanctum, and Datura stramonium. The treatments were applied as foliar and 
seed treatments alone or in combination with FYM for the control of Alternaria leaf 
blight infection on wheat plants caused by A.triticina (Table 22A to Table 25A, Fig- 
10A,B to Fig- 13A,B). 
Effect of biocontrol agents on growth parameters of wheat  (Alternaria leaf blight 
infection) 
Shoot length 
 A significant improvement with the application of biocontrol agents was 
observed in shoot length in the seed coating + foliar spray + FYM treatment as 
compared to the pathogen inoculated control. The highest enhancement in shoot 
length (104.56 cm) was recorded with the treatment TH+FYM+AT. The lowest shoot 
length (64.56 cm) was recorded with the spray treatment (BS+AT) as compared to 
(AT) pathogen inoculated control (62.45 cm) (Table 22A).  
Fresh and dry weight of shoot  
 Individual as well as combined inoculation of biocontrol agents significantly 
improved the fresh and dry weight of the wheat plant. The single inoculation of T. 
harzianum in pathogen inoculated plants significantly improved the growth 
parameters in case of seed treatment as compared to foliar spray. The maximum 
improvement was recorded in combined inoculations of TH+AT in FYM amended 
soil. However, single application of FYM in non-inoculated plants also enhanced the 
dry weight of wheat plant. The effect of biocontrols were found less effective in case 
of single application as foliar spray. 
Significant improvement was observed in shoot fresh (32.45g) and dry weight (11.75 
g) in TH+FYM+AT treatments with biocontrol agents respectively (Table 22A).  
Root length 
 Maximum improvement was recorded with the application of biocontrol 
agents in the root length of wheat plants affected with A. triticina infection. The 
highest enhancement in root length (33.48 cm) was observed with the treatment 
TH+FYM+AT in combined application of seed treatment + foliar spray, an 
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improvement was also recorded with the single application of seed treatment with 
TH+AT (31.65 cm). The lowest root length (11.12 cm) was observed with the 
treatment BS+AT as compared to (7.22 cm) (AT) in biocontrol treatments (Table 
22A).  
Fresh and dry weight of root  
 Significant enhancement was recorded in root fresh (0.0118 g) and dry weight 
(0.0012 g) in seed treatment + foliar application of TH+FYM+AT as compared to 
fresh (0.0016 g) and dry (0.0006 g) weight of root in (AT). The lowest root fresh 
(0.0027 g) and dry weight (0.0007 g) was recorded with the spray treatment (BS+AT) 
(Table 22A).  
Number of spikelets/spike:  
The number of spikelets/ spike of wheat differed significantly due to 
application of biocontrol agents. The number of total spikelets spike-1 due to different 
application treatments ranged from (16.11 to 26.64) and the maximum number of 
spikelets (26.64) was recorded in the treatments TH+FYM+AT and the lowest 
number of spikelets (7.34) was recorded in BS+AT compared to (9.12) in inoculated 
control (AT) in biocontrol treatments (Table 22A). 
Number of Grains per spike 
The number of grains / spike of wheat differed significantly due to application 
of bio-control agents. Total number of grains / spike due to different application 
treatments ranged from (23.13 to 48.11) and the maximum number of grains / spike 
(48.11) was recorded in the treatments TH+FYM+AT and the lowest number of 
grains / spike (15.55) was recorded in BS+AT as compared to (16.27) in (AT) (Table 
22A). 
Chlorophyll and carotenoid content in wheat leaves infected with Alternaria leaf 
blight  
 The chlorophyll and carotenoid content in wheat was increased significantly 
due to the application of FYM in soil and seed treatment with biocontrol agents. 
 The highest chlorophyll (1.47 mg/g) and carotenoid content (1.03 mg/g) was 
recorded in the treatments TH+FYM+AT and the lowest chlorophyll (0.67 mg/g) and 
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carotenoid content (0.20 mg/g) was recorded in BS+AT as compared to chlorophyll 
(0.65 mg/g) and carotenoid content (0.11 mg/g) in inoculated control (AT) (Table 
22A). 
Seed content analysis 
Protein and carbohydrate contents in wheat seeds: Fungal infection decreases the 
nutrient value of the grain however the following treatments increased the valuable 
contents of wheat seeds making the crop and seeds more healthier.  
 Significant improvement was recorded in protein (12.25%) and carbohydrate 
(70.15%) contents with the seed treatment + foliar application of TH+FYM+AT 
treatment as compared to protein (6.42%) and carbohydrate (32.11%) contents of 
inoculated control (AT). The lowest protein (7.25%) and carbohydrate (55.12%) 
content were recorded with the treatment BS+AT in case of Alternaria triticina 
infection (Fig 10A,B).  
Effect of fungicides on growth parameters of wheat (Alternaria leaf blight 
infection) 
Shoot length 
 The highest enhancement in shoot length (105.44 cm) was recorded with the 
treatment of fungicides as experimental design with combined application of CA 
+FYM+AT as compare to (62.45 cm) in inoculated control (AT).The lowest shoot 
length (69.22 cm) was observed in the spray treatment with VI+AT (Table 23A).  
Fresh and dry weight of shoot  
 Furthermore the highest improvement in shoot fresh (33.15 g) and dry (13.26 
g) weight were recorded with the treatment of fungicides in combined application of 
CA+FYM+AT as compared to shoot fresh (14.02 g) and dry (5.5 g) weight in (AT). 
The lowest shoot fresh (14.66 g) and dry (5.01 g) weight were recorded with the spray 
treatment of VI+AT (Table 23A).  
Root length 
 Similarly the highest enhancement in root length (34.26 cm) was observed 
with the treatment of fungicides with combined application of (spray + seed 
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treatment) CA+FYM+AT as compared to (7.22 cm) in (AT). The lowest root length 
(12.02 cm) was observed with the spray treatment of VI+AT (Table 23A). 
Fresh and dry weight of root  
 The highest enhancement in root fresh (0.0122 g) and dry (0.0012 g) weight 
were recorded with the combined application of CA+FYM+AT as compared to fresh 
(0.0016 g) and dry (0.0006 g) weight of root in (AT) treatment. The lowest root fresh 
(0.0017g) and dry (0.007 g) weight was recorded with the spray treatment of VI+AT 
(Table 23A) 
Number of spikelets/spike 
The highest number of spikelets (26.21) was recorded with the treatment of 
fungicide in combined application of CA+FYM+AT compared with (9.12) in (AT) 
inoculated control. The lowest number of spikelets (9.22) was recorded with the spray 
treatment of BA+AT (Table 23A). 
Number of Grains per spike 
 Similarly the highest number of grains / spike (45.21) was recorded with the 
treatment of fungicides with combined application of CA+FYM+AT as compared to 
(16.27) in inoculated control (AT). The lowest number of grains/spike (17.65) was 
recorded with the spray treatment of BA+AT (Table 23A). 
Chlorophyll and carotenoid content in wheat leaves 
 The chlorophyll (1.49 mg/g) and carotenoid content (1.05 mg/g) was recorded 
in the treatment of fungicides with combined application of CA+FYM+AT as 
compared to chlorophyll (0.65 mg/g) and carotenoid content (0.11 mg/g) in inoculated 
control (AT) treatment. The lowest chlorophyll (0.70 mg/g) and carotenoid content 
(0.29 mg/g) was recorded with the VI+AT spray treatment (Table 23A). 
Seed content analysis 
Protein and carbohydrate contents in wheat seeds 
 In the seed health treatments the highest enhancement was recorded in protein 
(12.16%) and carbohydrate (69.76%) content in seed treatment + foliar application of 
CA+FYM+AT as compared protein (6.42%) and carbohydrate (36.11%) content in 
Results  
160 
 
(AT) treatment (Table 31A). The lowest protein (7.02%) and carbohydrate (48.25%) 
content were recorded with the treatment VI+AT (Fig 11A,B) in fungicide treatments.  
Effect of botanicals on growth parameters of wheat (Alternaria leaf blight 
infection) 
Shoot length 
 The significant improvement was noted with the application of botanicals. The 
shoot length (103.23 cm) was highest with combined treatment of seed treatment + 
foliar spray with EG extract in  FYM amended soil and the lowest shoot length (65.21 
cm) was recorded with the spray treatment of DS+AT as compared with (62.45) in 
inoculated control AT (Table 24A). 
Fresh and dry weight of shoot  
 The significant improvement with botanicals was recorded in fresh (30.45 g) 
and dry (9.31 g) weight of shoot were highest with treatment of EG+FYM+AT in 
comparison to fresh (14.02 g) and dry (5.5 g) weight of shoot in (AT). The lowest 
shoot fresh (13.22 g) and dry (4.42 g) weight were recorded with the treatment of 
DS+AT in spray application (Table 24A). 
Root length 
 The significant improvement by botanicals was seen in root length (32.11 
cm) with combined application of seed treatment + foliar spray + FYM with EG and 
the lowest root length (10.33 cm) was recorded with the spray treatment of DS+AT as 
compared to (7.22 cm) in AT (Table 24A). 
Fresh and dry weight of root  
 In case of botanicals the root fresh (0.0112 g) and dry weight (0.0011 g) was 
highest with combined seed treatment + foliar spray + FYM with EG. The lowest root 
fresh (0.0035 g) and dry weight (0.0005 g) was observed with the treatment DS+AT 
in spray application as compared to root fresh (0.0016 g) and dry weight (0.0006 g) in 
(AT) treatment (Table 24A). 
Number of spikelets/spike  
The significant enhancement was recorded with botanicals. The number of 
spikelets (20.72) was highest with combined treatment of seed treatment + foliar 
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spray + FYM with EG and the lowest number of spikelets (5.98) was recorded with 
the spray treatment DS+AT as compared to (9.12) in (AT) treatment (Table 24A). 
Number of Grains per spike 
The highest improvement with botanicals in number of grains / spike (42.21) 
was recorded with combined treatment of seed treatment + foliar spray + FYM with 
EG and the lowest number of grains / spike (12.71) was recorded with the spray 
treatment DS+AT as compared to (16.27) in (AT) treatment (Table 24A). 
Chlorophyll and carotenoid content in wheat leaves 
The significant improvement with botanicals was recorded in the chlorophyll 
(1.46 mg/g) and carotenoid content (1.00 mg/g). It was highest with combined 
treatment of seed +foliar spray+ FYM with EG. The lowest chlorophyll (0.66 mg/g) 
and carotenoid content (0.23 mg/g) was recorded with the spray treatment DS+AT as 
compared to chlorophyll (0.65 mg/g) and carotenoid content (0.11 mg/g) in (AT) 
treatment (Table 24A). 
Seed content analysis 
Protein and carbohydrate contents in wheat seeds 
 The significant improvement in food value contents were recorded with the 
application of botanicals. The protein (12.11%) and carbohydrate (69.52%) content in 
seed treatment + foliar application  with EG treatment were highest as compared to 
protein (6.42%) and carbohydrate (36.11%) content in (AT) treatment. The lowest 
protein (6.42%) and carbohydrate (47.22%) content were recorded with the spray 
treatment in DS+AT (Table 32A Fig 12A).  
Effect of biocontrol agents, fungicides and botanicals as seed treatment and 
spray in combination with FYM on growth parameters of wheat (Alternaria leaf 
blight infection) 
A combined effect of all the treatments was analyzed in the improvement of growth 
parameters. 
Shoot length 
 The infection of A.triticina on wheat plant was significantly reduced with the 
application of biocontrol agents, fungicides and botanicals in different combinations, 
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followed by seed treatment+ foliar sprays with FYM amended soil. The highest 
improvement in shoot length (109.62 cm) was recorded in combined application of 
CA+TH+AT (107.73 cm) as compared to (62.45 cm) in inoculated control (AT). The 
lowest shoot length (99.21 cm) was recorded with the treatment OS+EG+AT in 
(Table 25A).  
Fresh and dry weight of shoot  
 The highest and significant improvement was observed in combined and 
followed treatments of biocontrol agents, fungicides and botanicals with FYM 
application. The highest improvement in fresh (35.15 g) and dry weight (15.11 g) of 
shoot was recorded in combined and followed application of seed and foliar spray 
treatments of CA+TH+AT in FYM amended soil when compared with fresh (14.02 g) 
and dry weight of shoot (5.5 g) in inoculated control (AT) treatment. The lowest fresh 
(25.33 g) and dry (10.11 g) weight of shoot was recorded with the treatment 
OS+EG+AT (Table 25A).  
Root length 
 The highest improvement in root length (35.77 cm) was recorded as combined 
application of CA+TH+AT as compared to (7.22 cm) in (AT) treatment. The lowest 
root length (24.22 cm) was observed with the treatment OS+EG+AT (Table 25A).  
Fresh and dry weight of root  
 The highest improvement in fresh (0.0103g) and dry weight (0.0052g) of root 
was noted in combined and followed treatments of CA+TH+AT. The lowest fresh 
(0.0045g) and dry weight (0.0021g) of root was recorded with the treatment 
OS+EG+AT as compared to fresh (0.0016 g) and dry weight (0.0006 g) of root in 
(AT) treatment (Table 25A). 
Number of spikelets/spike  
The highest improvement in number of spikelets (31.21) was recorded in 
combined and followed treatments of CA+TH+AT as compared to (9.12) in (AT) 
treatment. The lowest number of spikelets (20.11) was recorded with the treatment 
OS+EG+AT as compared to (9.12) inoculated control (AT) (Table 25A). 
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Number of Grains per spike 
The highest and significant improvement was recorded in combined and 
followed treatments of biocontrol agents, fungicides and botanicals with FYM 
application. A significant improvement in number of grains/spike (55.24) was 
recorded in combined and followed treatments of CA+TH+AT as compared with 
(16.27) inoculated control (AT) treatment. The lowest number of grains/spike (36.22) 
was recorded with the treatment OS+EG+AT (Table 25A). 
Chlorophyll and carotenoid content in wheat leaves 
The highest improvement in chlorophyll (3.18 mg/g) and carotenoid content 
(1.12 mg/g ) was recorded in combined, and followed treatments of CH+TH+AT with 
FYM amended soil as compared to chlorophyll (0.65 mg/g) and carotenoid content 
(0.11 mg/g)  in inoculated control (AT) treatment. The lowest chlorophyll (1.49 mg/g) 
and carotenoid content (0.48 mg/g) was recorded with the treatment OS+EG+AT 
respectively (Table 25A). 
Seed content analysis 
Protein and carbohydrate contents in wheat seeds 
 The highest improvement in protein (13.11%) and carbohydrate (72.43%) 
content in seeds were recorded in combined, and followed treatments of CA+TH+AT 
compared with protein (6.42%) and carbohydrate (36.11%) content in inoculated 
control (AT). The lowest protein 10.15% and carbohydrate 66.13% content were 
observed with the treatment OS+EG+AT (Fig 13A).  
Disease management studies were conducted on the second important disease of 
wheat 
Loose smut infection on wheat plants caused by Ustilago tritici 
 An improvement in growth conditions was observed due to the application of 
FYM alone and in different combination with T. harzianum, T. viride,  P. fluorescens, 
and B. subtilis and fungicides with Vitavax (Carboxin), Carbendazim (Bavistin), 
Mancozeb (Dithane M-45), Banlate (Thiram) and botanicals viz. Eucalyptus globulus, 
Calotropis procera, Ocimum sanctum, and Datura stramonium as foliar and seed 
treatments alone or in combination with FYM for the control of Loose smut infection 
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on wheat plants caused by Ustilago tritici (Table 26A to Table 29A, Fig14 A,B to Fig 
17 A,B). 
Effect of biocontrol agents on growth parameters of wheat (Loose smut infection) 
Shoot length 
 A significant improvement with biocontrol agents in shoot length was 
recorded in the combined treatment of (seed + foliar spray + FYM) as compared to 
control and pathogen inoculated plants. This improvement in plant growth was also 
observed in only FYM amended soil (Control + FYM). The highest enhancement in 
shoot length (105.76 cm) was recorded with the treatment TH+FYM+UT as compared 
with inoculated pathogen (60.55) (UT). The lowest shoot length (63.56 cm) was 
recorded with the spray treatment BS+UT as compared to (60.55 cm) in UT (Table 
26A).  
Fresh and dry weight of shoot  
 Individual as well as combined inoculation of biocontrol agents such as T. 
harzianum and P. fluroscence significantly improved the fresh and dry weight of the 
wheat plant. The single inoculation of T. harzianum in pathogen inoculated plants was 
found significantly improved in case of seed treatment as compared to foliar spray.  
Significant improvement was observed in shoot fresh (34.25 g) and dry weight (12.21 
g) in seed treatment + foliar application of TH+FYM+UT treatments with biocontrol 
agents. The lowest fresh (12.25 g) and dry (5.02 g) weight of shoot was recorded with 
the spray treatment of BS+UT (Table 26A). 
Root length 
A significant improvement was recorded with the application of biocontrol agents in 
the root length of wheat plant affected with Loose smut infection. The highest 
enhancement in root length (34.28 cm) was recorded with the treatment 
TH+FYM+UT and the lowest root length (13.23 cm) was recorded with the spray 
treatment BS+UT as compared to (6.25 cm) inoculated control (UT) in biocontrol 
treatments (Table 26 A). 
Fresh and dry weight of root  
Significant improvement was recorded in root fresh (0.0115 g) and dry weight 
(0.0013 g) in TH+FYM+UT treatments compared with fresh (0.0014 g) and (0.0006 
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g) dry weight of root in inoculated control (UT) treatment with biocontrol agents. The 
lowest root fresh (0.0037 g) and dry weight (0.0006 g) were recorded with the spray 
treatment BS+UT (Table 26 A). 
Number of spikelets/spike 
 The number of spikelets/ spike of wheat differed significantly due to application of 
biocontrol agents. The number of total spikelets spike-1 due to different application 
treatments ranged from (16.11to 25.64) and the maximum number of spikelets (25.64) 
was recorded in the treatments TH+FYM+UT was recorded in the combined 
application of seed treatment + foliar spray. The lowest no of spikelets (9.04) was 
recorded in BS+UT as compared to (8.22) in inoculated control (UT) in biocontrol 
treatments (Table 26A). 
Number of Grains per spike 
The number of grains/spike of wheat differed significantly due to application of 
biocontrol agents. The total number of grains/spike due to different application 
treatments ranged from (23.13 to 55.24) and the maximum number of grains/spike 
(45.21) was recorded in the treatments TH+FYM+ UT in the combined application of 
seed treatment + foliar spray. The lowest number of grains/spike (15.25) was recorded 
in BS+UT compared to (15.21) in (UT) (Table 26 A). 
Chlorophyll and carotenoid content in wheat leaves infected with Loose smut 
infection 
 The chlorophyll content in wheat was increased significantly due to the 
application of FYM in soil and seed treatment with biocontrol agents. 
 The highest chlorophyll (1.44 mg/g) and carotenoid content (1.03 mg/g) were 
recorded in the combined application of seed treatment + foliar spray TH+FYM+UT 
and the lowest chlorophyll (0.68 mg/g) and carotenoid content (0.23 mg/g) were 
recorded in BS+UT as compared to chlorophyll (0.69 mg/g) and carotenoid content 
(0.15 mg/g) in inoculated control (UT) with biocontrol treatments (Table 26 A). 
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Seed content analysis 
Protein and carbohydrate contents in wheat seeds 
The two important food content of the grain showed improvement as a result of the 
treatment. Significant improvement was recorded in protein (12.32%) and 
carbohydrate (72.16%) content in seed treatment + foliar application of 
TH+FYM+UT treatments as compared to protein (7.13%) and carbohydrate (34.12%) 
content in inoculated control (UT) with biocontrol agents. The lowest protein (7.22%) 
and carbohydrate (56.17%) content were recorded with the spray treatment of BS+UT 
(Fig 14A,B). 
Effect of fungicides on growth parameters of wheat (Loose smut infection) 
Shoot length 
 The highest enhancement in shoot length (106.24 cm) was recorded with the 
treatment of fungicides with combined application of VI+FYM+UT as compared to 
(60.55) inoculated control (UT).The lowest shoot length (70.08 cm) was recorded 
with the spray treatment with BE+ UT in (Table 27 A). 
Fresh and dry weight of shoot  
Furthermore the highest enhancement in fresh (35.33 g) and dry (12.41 g) weight of 
shoot were recorded with the treatment of fungicides with combined application of 
VI+FYM+UT as compared to fresh (13.22 g) and dry (6.5 g) weight of shoot in (UT). 
The lowest shoot fresh (13.21 g) and dry (4.11 g) weight were recorded with the 
treatment BE+UT treatments (Table 27A). 
Root length 
Similarly the highest enhancement in root length (35.16 cm) was recorded with the 
treatment of fungicides with combined application of VI+FYM+UT as compared to 
(6.25 cm) (UT).The lowest root length (12.11 cm) was recorded with the spray 
treatment BE+UT in (Table 27A). 
Fresh and dry weight of root  
The highest enhancement in root fresh (0.0120 g) and dry (0.0012 g) weight were 
recorded with the combined application of VI+FYM+UT as compared to fresh 
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(0.0014 g) and dry (0.0006 g) weight of root in (UT). The lowest root fresh (0.0019g) 
and dry (0.007 g) weight was recorded with the spray treatment BE+UT (Table 27A). 
 Number of spikelets/spike  
Similarly the highest number of spikelets (28.51) was recorded in the treatments with 
the fungicides in combined application of VI+FYM+ UT as compared to (8.22) in 
(UT). The lowest number of spikelets (9.11) was recorded with the spray treatment of 
BE+UT (Table 27A). 
Number of Grains per spike 
The highest number of grains/spike (49.31) was recorded in the treatments of 
fungicides with combined application of VI+FYM+UT as compared to (15.21) in 
inoculated control (UT) treatment. Lowest number of grains/spike (17.21) was 
recorded with the spray treatment of BE+UT (Table 27A). 
Chlorophyll and carotenoid content in wheat leaves 
 The chlorophyll (1.51 mg/g) and the carotenoid content (1.06 mg/g) were recorded in 
the treatment of fungicides with combined application of VI+FYM+UT as compared 
to chlorophyll (0.69 mg/g) and carotenoid content (0.15 mg/g) in inoculated control 
(UT) treatment.The lowest chlorophyll (0.63 mg/g) and carotenoid content (0.22 
mg/g) was recorded with the spray treatment BE+UT (Table 27A). 
Seed content analysis 
Protein and carbohydrate contents in wheat seeds 
Furthermore the highest enhancement was observed in protein (12.31%) and 
carbohydrate (71.16%) content in seed treatment + foliar application of VI+FYM+UT 
treatments as compared to protein (7.13%) and carbohydrate (34.12%) content in UT 
treatment with fungicides. The lowest protein (7.16%) and carbohydrate (51.36%) 
content were observed with the treatment BE+UT (Fig 15A,B). 
Effect of botanicals on growth parameters of wheat (Loose smut infection) 
Shoot length 
The significant improvement by botanicals in shoot length (102.26 cm) was highest 
with combined treatment of seed treatment + foliar spray with EG extract in FYM 
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amended soil and the lowest shoot length (64.16 cm) was recorded with the spray 
treatment of DS+UT as compared to (60.55 cm) inoculated control (UT) (Table 28A). 
Fresh and dry weight of shoot  
The significant and highest improvement with botanicals in fresh (32.35g) and dry 
(11.11g) weight of shoot were with treatment of EG+FYM+UT in comparison with 
fresh (13.22 g) and dry (6.5 g) weight of shoot (UT). The lowest shoot fresh (13.15 g) 
and dry (4.12 g) weight were recorded with the treatment of DS+AT in spray 
application (Table 28A). 
Root length 
The significant enhancement with botanicals in root length (32.18 cm) was highest 
with combined treatment of seed treatment + foliar spray + FYM with EG and the 
lowest root length (11.13 cm) was recorded with the spray treatment DS+UT as 
compared to (6.25 cm) (UT) (Table 28A). 
Fresh and dry weight of root  
In case of botanicals the fresh (0.0115 g) and dry weight (0.0012 g) of root was 
highest with combined seed treatment + foliar spray + FYM with EG. The lowest root 
fresh (0.0037 g) and dry weight (0.0004 g) was recorded with the treatment DS+UT in 
spray application as compared to root fresh (0.0014 g) and dry weight (0.0006 g) in 
(UT) treatment (Table 28A). 
Number of spikelets/spike  
The significant improvement with botanicals in number of spikelets (23.34) was 
highest with combined treatment of seed treatment + foliar spray + FYM with EG 
(EG+FYM+UT) and the lowest no of spikelets (7.24) was recorded with the spray 
treatment DS+UT as compared to (8.22) UT (Table 28A). 
Number of Grains per spike 
The significant improvement by botanicals in number of grains/spike (43.11) was 
recorded highest with combined application of seed treatment + foliar spray + FYM 
(EG+FYM+UT) and the lowest number of grains/spike (13.15) was recorded with the 
spray treatment DS+UT as compared to (15.21) (UT) (Table 28A). 
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Chlorophyll and carotenoid content in wheat leaves 
The improvement with botanicals in the chlorophyll (1.44 mg/g) and carotenoid 
content (1.01 mg/g) was recorded highest with combined treatment of EG+FYM+UT. 
The lowest chlorophyll (0.67 mg/g) and carotenoid content (0.21 mg/g) was recorded 
with the spray treatment DS+UT compared with chlorophyll (0.69 mg/g) and 
carotenoid content (0.15 mg/g) in (UT) treatment (Table 28A). 
Seed content analysis 
Protein and carbohydrate contents in wheat seeds 
The significant improvement with botanicals in protein (12.18%) and carbohydrate 
(69.56%) content in seed treatment + foliar application with EG treatment as 
compared to protein (7.13%) and carbohydrate (34.12%) content in (UT) treatment 
with botanicals. The lowest protein (6.45%) and carbohydrate (48.11%) content were 
found with the treatment DS+UT (Fig 16 A,B).  
Effect of biocontrol agents, fungicides and botanicals as seed treatment and 
spray in combination with FYM on growth parameters of wheat (Loose smut 
infection) 
A combined effect of all the treatments was analyzed in the improvement of growth 
parameters. 
Shoot length 
The reduction in infection of Ustilago tritici on wheat plant was significantly reduced 
with the application of biocontrol agents, fungicides and botanicals in different 
combinations by seed + foliar sprays with application of FYM amended soil. The 
highest improvement in shoot length (110.52 cm) was recorded in combined and 
followed treatments of VI+TH+UT. Results were significant as compared to (60.55 
cm) in inoculated control (UT) treatment. The lowest shoot length (100.22 cm) was 
recorded with the treatment OS+EG+UT (Table 29A).  
Fresh and dry weight of shoot  
The highest and significant improvement was recorded in combined and followed 
treatments of biocontrol agents, fungicides and botanicals with FYM application. The 
highest improvement in  fresh (35.15g) and dry weight (18.74g) of shoot were 
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observed in combined and followed as seed and foliar spray treatments of VI+TH+UT 
in FYM amended soil as compared fresh (13.22 g) and dry weight (6.5 g) of shoot in 
inoculated control (UT) treatment. The lowest fresh (27.26 g) and dry weight (12.11 
g) of shoot was observed with the treatment OS+EG+UT (Table 29A).  
Root length 
The highest improvement in root length (36.77 cm) was recorded in combined and 
followed treatments of VI+TH+UT as compared to (6.25 cm) in UT treatment served 
as inoculated control. The lowest root length (28.11 cm) was observed with the 
treatment OS+EG+UT (Table 29A).  
Fresh and dry weight of root  
The highest improvement in fresh (0.0102g) and dry weight (0.0054g) of root was 
recorded in combined and followed treatments of VI+TH+UT significantly compared 
with fresh (0.0014g) and dry weight (0.0006 g) of root in UT treatment. The lowest 
fresh (0.0051g) and dry weight (0.0024 g) of root was noted with the treatment 
OS+EG+UT (Table 29A).  
Number of spikelets/spike  
The highest improvement in number of spikelets (31.61) was recorded in combined, 
and followed treatments of VI+TH+AT significantly compared with (8.22) in UT 
treatment. The lowest number of spikelets (21.05) was recorded with the treatment 
OS+ EG+UT as compared to (8.22) UT (Table 29A).  
Number of Grains per spike 
Highest and significant improvement was recorded in combined and followed 
treatments of biocontrol agents, fungicides and botanicals with FYM application. A 
significant improvement in number of grains/spike (55.24) was recorded in combined 
and followed treatments of VI+TH+ UT as compared to (15.21) in UT treatment. The 
lowest number of grains / spike (44.32) was recorded with the treatment OS+ EG+UT 
as compared to (15.21) in inoculated control (UT) (Table 29A).  
Chlorophyll and carotenoid content in wheat leaves 
The highest improvement in chlorophyll (2.28 mg/g) and carotenoid content (1.20 
mg/g) was recorded in combined and followed treatments of VI+TH+UT with FYM 
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amended soil as compared to chlorophyll (0.69 mg/g) and carotenoid content (0.15 
mg/g) in UT treatment. The lowest chlorophyll (1.26 mg/g) and carotenoid content 
(0.58 mg/g) was recorded with the treatment OS+EG+UT respectively in (Table 
29A).  
Seed content analysis 
Protein and carbohydrate contents in wheat seeds 
Nutrient content of the grain showed an improvement. The highest improvement in 
protein (13.15%) and carbohydrate (73.46%) content were recorded in combined and 
followed treatments of VI+ TH+ UT compared with protein (7.13%) and carbohydrate 
(34.12%) content in inoculated control (UT) treatment. The lowest protein (9.21%) 
and carbohydrate (65.12%) content were recorded with the treatment OS+EG+UT 
these treatments were found to increase the food value and overcome the damages 
caused by various pathogens and their toxins (Fig 17A,B). 
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Crop B – maize 
Pathogenicity test (Pot experiments) 
The experiment was conducted to test the pathogenicity of Colletotrichum 
graminicola and Aspergillus flavus on maize plants in green house to determine the 
inoculum threshold levels. 
To determine the inoculum threshold level of Colletotrichum graminicola, the 
leaves of maize were inoculated with different inoculum levels (1.2x104 spores/ml, 
1.2x105  spores/ml, 1.2x106 spores/ml, 1.2x107  spores/ml and 1.2x108  spores/ml) of 
the pathogen Colletotrichum graminicola. There was no significant variation in plant 
growth parameters up to 1.2x105 spores/ml, but it was clearly found that there is a 
gradual reduction in plant growth with the increase in the inoculum level of the 
fungus and was statistically significant. Maximum reduction in plant growth 
parameters was observed at the highest inoculum level 3 (1.2x106 spores/ml). 
Moreover, significant reduction in plant growth parameters due to pathogenic fungus 
started at and above 1.2x105  spores/ml. It was recorded in shoot length (135.61 cm), 
fresh (78.18 g) and dry weight (30.16 g) of shoot, root length (22.14 cm), fresh 
(0.0042g) and dry (0.0013 g) weight of root, number of cobs/plant  (1.21), number of 
seed/cobs (133.05), chlorophyll (1.21 mg/g) and carotenoid (0.25mg/g) content were 
recorded at inoculum level 3 as compared to control. Highest leaf infection (5) was 
also recorded at this inoculum level (Table 49B).  
To determine the inoculum threshold level of Aspergillus flavus, the cobs of 
maize were inoculated with different inoculum levels (1x104 spores/ml, 1x105 
spores/ml, 1x106 spores/ml, 1x107spores/ml and 1x108 spores/ml) of the Aspergillus 
flavus. There was no significant variation in plant growth parameters up to 2000 
spores/ml, but it was clearly found that percent reduction in plant growth gradually 
increased with the increase in the inoculum level.  Significant reduction in plant 
growth parameters was observed at the inoculum level 3 (1x106 spores/ml).  
Moreover, significant reduction in plant growth parameters was recorded at and above 
1x105 spores/ml. The reduction in shoot length (132.36 cm), fresh (76.21g) and dry 
weight (32.15g) of shoot, root length (20.32cm), fresh (0.0044g) and dry (0.0014g) 
weight of root, number of cobs/plant   (1.26), number of seed/cobs (108.21.21), 
chlorophyll (1.28mg/g) and carotenoid (0.29 mg/g) content were recorded at inoculum 
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level 3 as compared to control. Highest cob infection (5) was also recorded at this 
inoculum level (Table 50B).  
Management studies for the two common disease of maize: A survey of the field in 
the locality of Aligarh shows the prevalence of these diseases.  
Management of Anthracnose leaf blight infection on maize plants caused by 
Colletotrichum graminicola 
An improvement in growth conditions was observed due to the various treatments and 
application of FYM alone and in different combination with biocontrol agents such as 
T. harzianum, T. viride,  P. fluorescens, and B. subtilis, with fungicides, Carbendazim 
(Bavistin), Vitavax (Carboxin), Mancozeb (Dithane M-45) and Benlate (Thiram), 
with botanicals viz. Eucalyptus globulus, Calotropis procera, Ocimum sanctum, and 
Datura stramonium. The treatments were applied as foliar and seed treatments alone 
or in combination with FYM for the control of Anthracnose leaf blight infection on 
maize plants caused by Colletotrichum graminicola (Table 51B). 
Effect of biocontrol agents on growth parameters of maize (Anthracnose leaf 
blight infection) 
Shoot length 
             A significant improvement with the application of biocontrol agents was 
recordeed in shoot length in the seed coating + foliar spray + FYM treatment as 
compared to the pathogen inoculated control. The highest enhancement in shoot 
length (206.31cm) was recorded with the treatment TH+FYM+CG. The lowest shoot 
length (148.32cm) was recorded with the spray treatment (BS+CG) as compared to 
(CG) pathogen inoculated control (135.61cm) (Table 51B).  
Fresh and dry weight of shoot  
 Individual as well as combined inoculation of biocontrol agents significantly 
improved the fresh and dry weight of the maize plant. The single inoculation of T. 
harzianum in pathogen inoculated plants significantly improved the growth 
parameters in case of seed treatment as compared to foliar spray. The maximum 
improvement was recorded in combined inoculations of TH+ CG in FYM amended 
soil. However, single application of FYM in non-inoculated plants also enhanced the 
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dry weight of maize plant. The effect of biocontrols were found less effective in case 
of single application as foliar spray. 
Significant improvement was recorded in shoot fresh (150.72g) and dry weight (70.24 
g) in TH+FYM+CG treatments with biocontrol agents respectively (Table 51B).  
Root length 
Maximum improvement was recorded with the application of biocontrol agents in the 
root length of maize plants affected with C. graminicola infection. The highest 
enhancement in root length (44.26cm) was recorded with the treatment TH+FYM+ 
CG in combined application of seed treatment + foliar spray, an improvement was 
also recorded with the single application of seed treatment with TH+ CG (41.22 cm). 
The lowest root length (18.22 cm) was recorded with the treatment BS+CG as 
compared to (18.14 cm) (CG) in biocontrol treatments (Table 51B).  
Fresh and dry weight of root  
Significant enhancement was recorded in root fresh (0.0172 g) and dry weight (0.0072 
g) in seed treatment + foliar application of TH+FYM+CG as compared to fresh 
(0.0042 g) and dry (0.0013 g) weight of root in (CG). The lowest root fresh (0.0052 g) 
and dry weight (0.0011 g) was recorded with the spray treatment (BS+ CG) (Table 
51B).  
Number of cobs/plant  
The mean value for the number of cobs/plant of maize differed significantly due to 
application of biocontrol agents. The maximum number of cobs (2.66) was recorded in 
the treatments TH+FYM+CG and the lowest number of cobs (1.22) was recorded in 
spray treatment BS+CG compared to (1.33) in inoculated control (CG) in biocontrol 
treatments (Table 51B). 
Number of seeds per cobs 
The number of seeds/cob of maize differed significantly due to application of bio-
control agents. Total number of seeds/cob due to different application treatments 
ranged from (419.23 to 465.42) and the maximum number of seeds/cob (465.42) was 
recorded in the treatments TH+FYM+CG and the lowest number of seeds/cob 
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(338.18) was recorded in spray treatment BS+ CG as compared to (133.05) in (CG) 
(Table 51B). 
Chlorophyll and carotenoid content in maize leaves infected with Anthracnose 
leaf blight 
 The chlorophyll and carotenoid content in maize was increased significantly 
due to the application of FYM in soil and seed treatment with biocontrol agents. 
 The highest chlorophyll (4.15 mg/g) and carotenoid content (1.21 mg/g) was 
recorded in the treatments TH+FYM+CG and the lowest chlorophyll (2.38 mg/g) and 
carotenoid content (0.78 mg/g) was recorded in spray treatment BS+CG as compared 
to chlorophyll (1.21 mg/g) and carotenoid content (0.25 mg/g) in inoculated control 
(CG) (Table 51B)  
Seed content analysis 
Protein and carbohydrate contents in maize seeds: Fungal infection decreases the 
nutrient value of the seeds however the following treatments increased the valuable 
contents of maize seeds making the crop and seeds more healthier.  
Significant improvement was recorded in protein (10.25 %) and carbohydrate (71.26 
%) contents with the seed treatment + foliar application of TH+FYM+ CG treatment 
as compared to protein (5.4 %) and carbohydrate (30.8 %) contents of inoculated 
control (CG). The lowest protein (6.02 %) and carbohydrate (39.21 %) content were 
recorded with the spray treatment BS+CG in case of C. graminicola infection (Fig 
26A,B ).  
Effect of fungicides on growth parameters of of maize (Anthracnose leaf blight 
infection) 
Shoot length 
The highest enhancement in shoot length (207.31cm) was recorded with the treatment 
of fungicides with combined application of CA+FYM+ CG as compared to 
(135.61cm) inoculated control (CG).The lowest shoot length (153.28 cm) was 
recorded in the spray treatment with VI+ CG (Table 52B).  
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Fresh and dry weight of shoot  
Furthermore the highest improvement in shoot fresh (153.23 g) and dry (69.34 g) 
weight were recorded with the treatment of fungicides in combined application of 
CA+FYM+ CG as compared to shoot fresh  (78.18 g) and dry (30.16 g) weight  in 
(CG). The lowest shoot fresh (83.33 g) and dry (35.42 g) weight were recorded with 
the spray treatment of VI+ CG (Table 52B).  
Root length 
Similarly the highest enhancement in root length (44.24 cm) was recorded with the 
treatment of fungicides with combined application of (spray + seed treatment) 
CA+FYM+ CG as compared to (18.14 cm) in (CG). The lowest root length (21.22 
cm) was recorded with the spray treatment of VI+ CG (Table 52B). 
Fresh and dry weight of root  
The highest enhancement in root fresh (0.0163 g) and dry (0.0071 g) weight were 
recorded with the combined application of CA+FYM+ CG as compared to fresh 
(0.0042 g) and dry (0.0013 g) weight of root in (CG) treatment. The lowest root fresh 
(0.0046 g) and dry (0.0011 g) weight was recorded with the spray treatment of VI+ 
CG (Table 52B) 
Number of cobs/plant  
The highest number of cobs (2.66) was recorded with the treatment of fungicide in 
combined application of CA+FYM+ CG compared with (1.00) in (CG) inoculated 
control. The lowest number of cobs (1.33) was recorded with the spray treatment of 
BE+ CG (Table 52B). 
Number of seeds per cobs 
Similarly the highest number of seeds/cob (497.32) was recorded with the treatment 
of fungicides with combined application of CA+FYM+CG as compared to (133.05) in 
inoculated control (CG). The lowest number of seeds/cob (351.28) was recorded with 
the spray treatment of BE+ CG (Table 52B). 
Chlorophyll and carotenoid content in maize leaves 
The chlorophyll (4.09 mg/g) and carotenoid content (1.19 mg/g) was recorded in the 
treatment of fungicides with combined application of CA+FYM+ CG as compared to 
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chlorophyll (1.21 mg/g) and carotenoid content (0.25 mg/g) in inoculated control 
(CG) treatment. The lowest chlorophyll (2.28 mg/g) and carotenoid content (0.78 
mg/g) was recorded with the VI+CG spray treatment (Table 52B). 
Seed content analysis 
Protein and carbohydrate contents in maize seeds 
 In the seed health treatments the highest enhancement was recorded in protein (10.06 
%) and carbohydrate (70.12 %) content in seed treatment + foliar application of 
CA+FYM+ CG as compared protein (5.4 %) and carbohydrate (30.8 %) content in 
(CG) treatment (Table 31A). The lowest protein (6.12 %) and carbohydrate (38.11%) 
content were recorded with the spray treatment VI+CG (Fig 27A,B ) in fungicide 
treatments.  
Effect of botanicals on growth parameters of of maize (Anthracnose leaf blight 
infection) 
Shoot length 
The significant improvement in growth parameters was noted with the application of 
botanicals. The shoot length (204.41 cm) was highest with combined treatment of 
seed treatment + foliar spray with EG extract in  FYM amended soil and the lowest 
shoot length (147.12 cm) was recorded with the spray treatment of DS+ CG as 
compared with (135.61 cm) in inoculated control CG (Table 53B). 
Fresh and dry weight of shoot  
The significant improvement with botanicals was recorded in fresh (148.62 g) and dry 
(66.55 g) weight of shoot was highest with treatment of EG+FYM+ CG in 
comparison to fresh (78.18 g) and dry (30.16 g) weight of shoot in (CG). The lowest 
shoot fresh (81.28 g) and dry (37.16 g) weight were recorded with the treatment of 
DS+ CG in spray application (Table 53B). 
Root length 
The significant improvement with the treatment of botanicals was seen in root length 
(42.16 cm) with combined application of seed treatment + foliar spray + FYM with 
EG and the lowest root length (20.12 cm) was recorded with the spray treatment of 
DS+ CG as compared to (18.14 cm) in CG (Table 53B). 
Results  
178 
 
Fresh and dry weight of root  
In case of botanicals the root fresh (0.0163 g) and dry weight (0.0071 g) was highest 
with combined seed treatment + foliar spray + FYM with EG. The lowest root fresh 
(0.0051 g) and dry weight (0.0005 g) was recordeded with the treatment DS+CG in 
spray application as compared to root fresh (0.0042 g) and dry weight (0.0013 g) in 
(AT) treatment (Table 53B). 
Number of cobs/plant  
The significant enhancement was recorded with botanicals. The number of cobs 
(2.66) was highest with combined treatment of seed treatment + foliar spray + FYM 
with EG and the lowest number of cobs (1.00) was recorded with the spray treatment 
DS+ CG as compared to (1.00) in (CG) treatment (Table 53B). 
Number of seeds per cobs 
The highest improvement with botanicals in number of seeds/cobs (455.32) was 
recorded with combined treatment of seed treatment + foliar spray + FYM with EG 
and the lowest number of seeds/cobs (328.21) was recorded with the spray treatment 
DS+ CG as compared to (133.05) in (CG) treatment (Table 53B). 
Chlorophyll and carotenoid content in maize leaves 
The significant improvement with botanicals was recorded in the chlorophyll (4.01 
mg/g) and carotenoid content (1.12 mg/g). It was highest with combined treatment of 
seed +foliar spray+ FYM with EG. The lowest chlorophyll (2.38 mg/g) and 
carotenoid content (0.71 mg/g) was recorded with the spray treatment DS+CG as 
compared to chlorophyll (1.21 mg/g) and carotenoid content (0.25 mg/g) in (CG) 
treatment (Table 53B). 
Seed content analysis 
Protein and carbohydrate contents in maize seeds  
The significant improvement in food value contents were recorded with the 
application of botanicals. The protein (10.15 %) and carbohydrate (69.32 %) content 
in seed treatment + foliar application with EG treatment were highest as compared to 
protein (5.4 %) and carbohydrate (30.8 %) content in (CG) treatment. The lowest 
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protein (5.14 %) and carbohydrate (38.05 %) content were recorded with the spray 
treatment in DS+ CG (Fig 28 A,B ).  
Effect of biocontrol agents, fungicides and botanicals as seed treatment and 
spray in combination with FYM on growth parameters of maize (Anthracnose 
leaf blight infection) 
A combined effect of all the treatments was analyzed in the improvement of growth 
parameters. 
Shoot length 
The infection of C. graminicola on maize plant was significantly reduced with the 
application of biocontrol agents, fungicides and botanicals in different combinations, 
followed by seed treatment+ foliar sprays with FYM amended soil. The highest 
improvement in shoot length (215.18 cm) was recorded in combined application of 
CA+TH+ CG as compared to (135.61 cm) inoculated control (CG). The lowest shoot 
length (197.18 cm) was recorded with the treatment OS+EG+ CG (Table 54B).  
Fresh and dry weight of shoot  
The highest and significant improvement was recorded in combined and followed 
treatments of biocontrol agents, fungicides and botanicals with FYM application. The 
highest improvement in fresh (165.15 g) and dry weight (80.14 g) of shoot was 
recorded in combined and followed application of seed and foliar spray treatments of 
CA+TH+ CG in FYM amended soil when compared with fresh (78.18 g) and dry 
weight of shoot (30.16 g) in inoculated control (CG) treatment. The lowest fresh 
(142.25 g) and dry (62.15 g) weight of shoot was recorded with the treatment 
OS+EG+ CG (Table 54B).  
Root length 
The highest improvement in root length (51.22 cm) was recorded as combined 
application of CA+TH+ CG as compared to (18.14 cm) in (CG) treatment. The lowest 
root length (37.26 cm) was recorded with the treatment OS+EG+ CG (Table 54B).  
Fresh and dry weight of root  
The highest improvement in fresh (0.0231 g) and dry weight (0.0124 g) of root was 
noted in combined and followed treatments of CA+TH+CG. The lowest fresh (0.0123 
g) and dry weight (0.0032 g) of root was recorded with the treatment OS+EG+ CG as 
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compared to fresh (0.0042 g) and dry weight (0.0013 g) of root in (CG) treatment 
(Table 54B). 
Number of cobs/plant  
The highest improvement in number of cobs (3.33) was recorded in combined and 
followed treatments of CA+TH+CG as compared to (1.00) in (CG) treatment. The 
lowest number of cobs (1.33) was recorded with the treatment OS+EG+CG (Table 
54B). 
Number of seeds per cobs 
The highest and significant improvement was recorded in combined and followed 
treatments of biocontrol agents, fungicides and botanicals with FYM application. A 
significant improvement in number of seeds/cobs (467.22) was recorded in combined 
and followed treatments of CA+TH+ CG as compared with (133.05) inoculated 
control (CG) treatment. The lowest number of seeds/cobs (318.19) was recorded with 
the treatment OS+EG+ CG (Table 54B). 
Chlorophyll and carotenoid content in maize leaves 
The highest improvement in chlorophyll (5.04 mg/g) and carotenoid content (1.35 
mg/g ) was recorded in combined, and followed treatments of CH+TH+CG with FYM 
amended soil as compared to chlorophyll (1.21 mg/g) and carotenoid content (0.25 
mg/g)  in inoculated control (CG) treatment. The lowest chlorophyll (3.18 mg/g) and 
carotenoid content (0.79 mg/g) was recorded with the treatment OS+EG+CG (Table 
54B). 
Seed content analysis 
Protein and carbohydrate contents in maize seeds  
The highest improvement in protein (10.21 %) and carbohydrate (71.22 %) content in 
seeds were recorded in combined, and followed treatments of CA+TH+ CG compared 
with protein (5.4 %) and carbohydrate (30.8 %) content in inoculated control (CG). 
The lowest protein (8.20 %) and carbohydrate (67.12 %) content were recorded with 
the treatment OS+EG+ CG (Fig 29 A,B).  
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Disease management studies were conducted on the second important disease of 
maize 
Aspergillus ear rot infection on maize plants caused by Aspergillus flavus 
An improvement in growth conditions was observed due to the application of FYM 
alone and in different combination with biocontrol viz. T. harzianum, T. viride,  P. 
fluorescens, and B. subtilis and fungicides with Vitavax (Carboxin), Carbendazim 
(Bavistin), Mancozeb (Dithane M-45), Benlate (Thiram) and botanicals viz. 
Eucalyptus globulus, Calotropis procera, Ocimum sanctum, and Datura stramonium 
as foliar and seed treatments alone or in combination with FYM for the control of 
Aspergillus ear rot infection on maize plants caused by Aspergillus flavus (Table 55B 
to 58B, Fig 30 A,B to Fig 33A,B). 
Effect of biocontrol agents on growth parameters of maize (Aspergillus ear rot 
infection) 
Shoot length 
             A significant improvement with the application of biocontrol agents was 
recordeed in shoot length in the seed coating + foliar spray + FYM treatment as 
compared to the pathogen inoculated control. The highest enhancement in shoot 
length (205.41cm) was recorded with the treatment TH+FYM+AF. The lowest shoot 
length (150.32 cm) was recorded with the spray treatment (BS+AF) as compared to 
(AF) pathogen inoculated control (132.36cm) (Table 55B).  
Fresh and dry weight of shoot  
 Individual as well as combined inoculation of biocontrol agents significantly 
improved the fresh and dry weight of the maize plant. The single inoculation of T. 
harzianum in pathogen inoculated plants significantly improved the growth 
parameters in case of seed treatment as compared to foliar spray. The maximum 
improvement was recorded in combined inoculations of TH+AF in FYM amended 
soil. However, single application of FYM in non-inoculated plants also enhanced the 
dry weight of maize plant. The effect of biocontrols were found less effective in case 
of single application as foliar spray. 
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Significant improvement was recorded in shoot fresh (151.72g) and dry weight (69.44 
g) in TH+FYM+AF treatments as compared to fresh (76.21 g) and dry (32.15 g) 
weight of shoot in  inoculated control (AF) with biocontrol agents (Table 55B).  
Root length 
 Maximum improvement was recorded with the application of biocontrol 
agents in the root length of maize plants affected with Aspergillus flavus infection. 
The highest enhancement in root length (43.36 cm) was recorded with the treatment 
TH+FYM+ AF. The lowest root length (23.32 cm) was recorded with the treatment 
BS+ AF as compared to (20.32 cm) (AF) in biocontrol treatments (Table 55B).  
Fresh and dry weight of root  
 Significant enhancement was recorded in root fresh (0.0171 g) and dry 
weight (0.0073 g) in seed treatment + foliar application of TH+FYM+ AF as 
compared to fresh (0.0044 g) and dry (0.0014 g) weight of root in (AF). The lowest 
root fresh (0.0052 g) and dry weight (0.0016 g) was recorded with the spray treatment 
(BS+ AF) (Table 55B).  
Number of cobs/plant  
The number of cobs/plant of maize differed significantly due to application of 
biocontrol agents. The maximum number of cobs (2.72) was recorded in the 
treatments TH+FYM+AF and the lowest number of cobs (1.21) was recorded in BS+ 
AF compared to (1.26) in inoculated control (AF) in biocontrol treatments (Table 
55B). 
Number of seeds per cobs 
The number of seeds/cob of maize differed significantly due to application of 
bio-control agents. Total number of seeds/cob due to different application treatments 
ranged from 419.23 to 462.42  and the maximum number of seeds/cob (462.42) was 
recorded in the treatments TH+FYM+ AF and the lowest number of seeds/cob 
(335.18) was recorded in BS+ AF as compared to (108.21) in (AF) (Table 55B). 
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Chlorophyll and carotenoid content in maize leaves infected with Aspergillus ear 
rot 
 The chlorophyll and carotenoid contents in maize were increased significantly 
due to the application of FYM in soil and seed treatment with biocontrol agents. 
 The highest chlorophyll (4.18 mg/g) and carotenoid content value (1.25 
mg/g) was recorded in the treatments TH+FYM+ AF and the lowest chlorophyll (2.42 
mg/g) and carotenoid content (0.78 mg/g) was recorded in BS+ AF as compared to 
chlorophyll (1.28 mg/g) and carotenoid content (0.29 mg/g) in inoculated control 
(AF) (Table 55B). 
Seed content analysis 
Protein and carbohydrate contents in maize seeds: 
 Fungal infection decreases the nutrient value of the seeds however the 
following treatments increased the valuable contents of maize seeds making the crop 
and seeds healthier.  
 Significant improvement was recorded in protein (10.13 %) and carbohydrate 
(70.54 %) contents with the seed treatment + foliar application of TH+FYM+ AF 
treatment as compared to protein (4.8 %) and carbohydrate (30.8 %) contents of 
inoculated control (AF). The lowest protein (6.02 %) and carbohydrate (28.6 %) 
content were recorded with the treatment BS+AF in case of Aspergillus flavus 
infection (Fig 30 A,B).  
Effect of fungicides on growth parameters of of maize (Aspergillus ear rot 
infection) 
Shoot length 
 The highest enhancement in shoot length (208.21cm) was recorded with the 
treatment of fungicides with combined application of CA+FYM+ AF as compare to 
(132.36cm) in inoculated control (AF).The lowest shoot length (154.28 cm) was 
recorded in the spray treatment with VI+ AF  (Table 56B).  
Fresh and dry weight of shoot  
 Furthermore the highest improvement in shoot fresh (152.13 g) and dry 
(69.44 g) weight were recorded with the treatment of fungicides in combined 
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application of CA+FYM+ AF as compared to shoot fresh  (76.21 g) and dry (32.15 g) 
weight  in (AF). The lowest shoot fresh (86.23 g) and dry (39.42 g) weight were 
recorded with the spray treatment of VI+ AF (Table 56B).  
Root length 
 Similarly the highest enhancement in root length (44.54 cm) was recorded 
with the treatment of fungicides with combined application of (spray + seed 
treatment) CA+FYM+ AF as compared to inoculated control (20.32 cm) in (AF). The 
lowest root length (23.32 cm) was recorded with the spray treatment of VI+ AF (Table 
56B). 
Fresh and dry weight of root  
 The highest enhancement in root fresh (0.0176 g) and dry (0.0065 g) weight 
were recorded with the combined application of CA+FYM+ AF as compared to fresh 
(0.0044 g) and dry (0.0014 g) weight of root in (AF) treatment. The lowest root fresh 
(0.0056 g) and dry (0.0010 g) weight was recorded with the spray treatment of VI+ AF 
(Table 56B) 
Number of cobs/plant  
The highest number of cobs (2.78) was recorded with the treatment of fungicide in 
combined application of CA+FYM+AF compared with (1.26) in (AF) inoculated 
control. The lowest number of cobs (1.28) was recorded with the spray treatment of 
BE+ AF (Table 56B). 
Number of seeds per cobs 
 Similarly the highest number of seeds/cob (492.42 ) was recorded with the 
treatment of fungicides with combined application of CA+FYM+ AF as compared to 
(108.21) in inoculated control (AF). The lowest number of seeds/cob (341.18) was 
recorded with the spray treatment of BE+AF (Table 56B). 
Chlorophyll and carotenoid content in maize leaves 
 The chlorophyll (4.11 mg/g) and carotenoid content (1.21 mg/g) was recorded 
in the treatment of fungicides with combined application of CA+FYM+ AF as 
compared to chlorophyll (1.28 mg/g) and carotenoid content (0.29 mg/g) in inoculated 
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control (AF) treatment. The lowest chlorophyll (2.30 mg/g) and carotenoid content 
(0.80 mg/g) was recorded with the VI+ AF spray treatment (Table 56B). 
Seed content analysis 
Protein and carbohydrate contents in maize seeds 
 In the seed health treatments the highest enhancement was recorded in protein 
(10.05 %) and carbohydrate (70.36 %) content in seed treatment + foliar application 
of CA+FYM+ AF as compared protein (4.8 %) and carbohydrate (28.6 %) content in 
(AF) treatment (Table 31A). The lowest protein (6.01 %) and carbohydrate (34.12 %) 
contents were recorded with the treatment VI+ AF (Fig 31A,B) in fungicide 
treatments.  
Effect of botanicals on growth parameters of of maize (Aspergillus ear rot 
infection) 
Shoot length 
 The significant improvement was noted with the application of botanicals. 
The shoot length (203.41 cm) was highest with combined treatment of seed treatment + 
foliar spray with EG extract in  FYM amended soil and the lowest shoot length (148.32 
cm) was recorded with the spray treatment of DS+ AF as compared with (132.36 cm) 
in inoculated control AF (Table 57B). 
Fresh and dry weight of shoot  
 The significant improvement with botanicals was recorded in fresh (147.72 g) 
and dry (67.44 g) weight of shoot was highest with treatment of EG+FYM+ AF in 
comparison to fresh (76.21 g) and dry (32.15 g) weight of shoot in (AF). The lowest 
shoot fresh (82.58 g) and dry (37.46 g) weight were recorded with the treatment of DS+ 
AF in spray application (Table 57B). 
Root length 
 The significant improvement by botanicals was seen in root length (41.36 cm) 
with combined application of seed treatment + foliar spray + FYM with EG and the 
lowest root length (21.32 cm) was recorded with the spray treatment of DS+ AF as 
compared to (20.32 cm) in AF (Table 57B). 
 
Results  
186 
 
Fresh and dry weight of root  
In case of botanicals the root fresh (0.0162 g) and dry weight (0.0072 g) was highest 
with combined seed treatment + foliar spray + FYM with EG. The lowest root fresh 
(0.0043 g) and dry weight (0.0001 g) was recorded with the treatment DS+ AF in spray 
application as compared to root fresh (0.0044 g) and dry weight (0.0014 g) in (AF) 
treatment (Table 57B). 
Number of cobs/plant  
The significant enhancement was recorded with botanicals. The number of 
cobs (2.52) was highest with combined treatment of seed treatment + foliar spray + 
FYM with EG and the lowest number of cobs (1.13) was recorded with the spray 
treatment DS+ AF as compared to (1.26) in (AF) treatment (Table 57B). 
Number of seeds per cobs 
The highest improvement with botanicals in number of seeds/cobs (452.38) 
was recorded with combined treatment of seed treatment + foliar spray + FYM with 
EG and the lowest number of seeds/cobs (325.22) was recorded with the spray 
treatment DS+ AF as compared to (108.21) in (AF) treatment (Table 57B). 
Chlorophyll and carotenoid content in maize leaves 
The significant improvement with botanicals was recorded in the chlorophyll 
(4.03 mg/g) and carotenoid content (1.11 mg/g). It was highest with combined 
treatment of seed +foliar spray+ FYM with EG. The lowest chlorophyll (2.35 mg/g) 
and carotenoid content (0.68 mg/g) was recorded with the spray treatment DS+ AF as 
compared to chlorophyll (1.28 mg/g) and carotenoid content (0.29 mg/g) in (AF) 
treatment (Table 57B). 
Seed content analysis 
Protein and carbohydrate contents in maize seeds  
 The significant improvement in food value contents were recorded with the 
application of botanicals. The protein (9.52 %) and carbohydrate (69.12 %) content in 
seed treatment + foliar application with EG treatment were highest as compared to 
protein (4.8 %) and carbohydrate (28.6 %) content in (AF) treatment. The lowest 
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protein (5.18 %) and carbohydrate (32.10 %) contents were recorded with the spray 
treatment in DS+ AF (Fig 32A,B).  
Effect of biocontrol agents, fungicides and botanicals as seed treatment and 
spray in combination with FYM on growth parameters of maize (Aspergillus ear 
rot  infection) 
A combined effect of all the treatments was analyzed in the improvement of growth 
parameters. 
Shoot length 
 The infection of A.flavus on maize plant was significantly reduced with the 
application of biocontrol agents, fungicides and botanicals in different combinations, 
followed by seed treatment+ foliar sprays with FYM amended soil. The highest 
improvement in shoot length (212.15 cm) was recorded in combined application of 
CA+TH+ AF as compared to (132.36 cm) in inoculated control (AF). The lowest shoot 
length (193.11 cm) was recorded with the treatment OS+EG+ AF in (Table 58B).  
Fresh and dry weight of shoot  
 The highest and significant improvement was recorded in combined and 
followed treatments of biocontrol agents, fungicides and botanicals with FYM 
application. The highest improvement in fresh (162.11 g) and dry weight (77.24 g) of 
shoot was recorded in combined and followed application of seed and foliar spray 
treatments of CA+TH+ AF in FYM amended soil when compared with fresh (76.21 g) 
and dry weight of shoot (32.15 g) in inoculated control (AF) treatment. The lowest 
fresh (133.12 g) and dry (60.43 g) weight of shoot was recorded with the treatment 
OS+EG+ AF (Table 58B).  
Root length 
 The highest improvement in root length (49.42 cm) was recorded as combined 
application of CA+TH+ AF as compared to (20.32 cm) in (AF). The lowest root length 
(36.12 cm) was recorded with the treatment OS+EG+ AF (Table 58B).  
Fresh and dry weight of root  
 The highest improvement in fresh (0.0222 g) and dry weight (0.0115 g) of root 
was noted in combined and followed treatments of CA+TH+ AF. The lowest fresh 
(0.0102 g) and dry weight (0.0023 g) of root was recorded with the treatment OS+EG+ 
Results  
188 
 
AF as compared to fresh (0.0044 g) and dry weight (0.0014 g) of root in (AF) treatment 
(Table 58B). 
Number of cobs/plant  
The highest improvement in number of cobs (3.25) was recorded in combined 
and followed treatments of CA+TH+ AF as compared to (1.26) in (AF) treatment. The 
lowest number of cobs (2.05) was recorded with the treatment OS+EG+AF (Table 
58B). 
Number of seeds per cobs 
The highest and significant improvement was recorded in combined and 
followed treatments of biocontrol agents, fungicides and botanicals with FYM 
application. A significant improvement in number of seeds/cobs (460.22) was recorded 
in combined and followed treatments of CA+TH+AF as compared with (108.21) 
inoculated control (AF) treatment. The lowest number of seeds/cobs (408.11) was 
recorded with the treatment OS+EG+AF (Table 58B). 
Chlorophyll and carotenoid content in maize leaves 
The highest improvement in chlorophyll (5.11 mg/g) and carotenoid content 
(1.37 mg/g ) was recorded in combined, and followed treatments of CH+TH+AF with 
FYM amended soil as compared to chlorophyll (1.28 mg/g) and carotenoid content 
(0.29 mg/g)  in inoculated control (AF) treatment. The lowest chlorophyll (3.21 mg/g) 
and carotenoid content (0.83 mg/g) was recorded with the treatment OS+EG+ AF 
(Table 58B). 
Seed content analysis 
Protein and carbohydrate contents in maize seeds  
 The highest improvement in protein (10.23 %) and carbohydrate (71.26 %) 
content in seeds were recorded in combined, and followed treatments of CA+TH+ AF 
compared with protein (4.8 %) and carbohydrate (28.6 %) content in inoculated 
control (AF). The lowest protein (8.07 %) and carbohydrate (69.04 %) content were 
recorded with the treatment OS+EG+ AF (Fig 33A,B).  
 
 
Table 1A- Number of wheat samples infected with pathogenic fungus collected from 
different localities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Localities 
 
Number of 
samples 
 
Alternaria 
triticina 
Ustilago 
tritici 
Bipolaris 
sorokiniana 
Aspergillus 
niger 
Khair 
 
10 
 4 3 2 1 
Gabhana 
 
10 
 3 3 1 1 
Atrauli 
 
10 
 4 2 1 2 
SikandraRao 
 
10 
 5 3 1 3 
Peepli 
 10 4 4 1 1 
Sasni 
 
10 
 5 4 2 1 
Iglas 
 
10 
 6 7 1 3 
Aligarh 
 
10 
 8 8 2 2 
Total samples 
infected 
 
80 39 34 11 14 
Percentage 
  49% 43% 14% 17% 
Table 2A - Screening of five wheat varieties by blotter method (Observations 
based on 200 seeds) 
SN Wheat 
varieties 
Total no of 
seeds 
studied 
Isolated Fungi No of infected 
grain with 
fungi 
Percentage 
of infection 
 
 
1 
 
 
WH896 
 
 
200 
A.niger, 83.0 41.5 
A. alternata 67.0 33.5 
F.moniliforme 45.0 22.5 
A. flavus 31.0 15.5 
C. lunata 29.0 14.5 
 
 
2 
 
 
HD264 
 
 
200 
A. flavus 41.0 20.5 
A.niger, 37.0 18.5 
A. alternata 29.0 14.5 
F.moniliforme 27.0 13.5 
C. lunata 9.0 4.5 
 
 
3 
 
 
PBW502 
 
 
200 
F.moniliforme 19.0 9.5 
A.niger, 13.0 6.5 
A.niger, 13.0 6.5 
A. flavus 11.0 5.5 
A. alternata 7.0 3.5 
 
 
4 
 
 
HD273 
 
 
200 
A. alternata 15.0 7.5 
F.solani 11.0 10.5 
A. flavus 7.0 3.5 
A.niger, 5.0 2.5 
A.niger, 5.0 2.5 
 
 
5 
 
 
PBW343 
 
 
200 
A.triticina 137.0 68.5 
A. alternata 123.0 62.5 
U.tritici 121.0 60.5 
F.moniliforme, 105.0 52.5 
R.oryzae, 93.0 46.5 
A.niger, 73.0 36.5 
D.australiensis, 47.0 23.5 
 
 Each value is a mean of three replicate 
A.alternata – Alternaria alternata, F.moniliforme – Fusarium moniliforme, A.niger – 
Aspergillus niger, A.triticina – Alternaria triticina, , A.flavus – Aspergillus flavus,  
P.spp. – Penicillium spp.,C.lunata – Curvularia lunata, D.australiensis – Drechslera 
australiensisR.oryzae – Rhizopus oryzae,U.tritici-Ustilago tritici 
 
 
 
 
 
Table 3A- Viability and mycoflora of normal and abnormal seeds of wheat 
variety PBW343 
Seed type Germination 
% 
Associated fungi Seed 
infection     
(%) 
Incidence 
of fungi 
(%) 
Normal seeds 
 
 
 
Wrinkled seed 
 
 
Entirely 
discolouredseed 
 
 
Seed with 
discoloured 
embryo end 
 
 
Seed with 
discoloured brush 
end 
 
40.0±0.15 
 
 
 
 
12.0±2.4 
 
 
 
 
8.0±6.0 
 
 
 
 
2.5±10.3 
 
 
 
 
4.7±3.0 
A.alternata, 
F. moniliforme 
 
 
A.alternata, 
F.moniliforme 
A.niger 
 
A.triticina, 
A.flavus 
U.tritici 
 
 
D.australiensis 
A.alternata 
         C.lunata 
F.solani 
 
 
A.clamydophore, 
Penicillium spp. 
Cladosporium spp. 
 
2.25±0.25 
0.50±0.10 
 
 
20.5±1.50 
42.0±4.50 
34.0±5.50 
 
57.5±0.30 
30.0±1.0 
18.40±2.24 
 
 
18.25±0.50 
78.0±1.52 
60.50±0.20 
30.20±1.20 
 
 
10.25±2.10 
24.0±4.10 
15.4±2.50 
 
0.60 
 
 
 
6.25 
 
 
 
30.6 
 
 
 
 
 
40.2 
 
 
 
 
28.18 
 
                 Each value is a mean of three replicate 
                 ± S.E. – Standard Error. 
A.alternata – Alternaria alternata, F.moniliforme – Fusarium moniliforme, A.niger – 
Aspergillus niger, A.triticina – Alternaria triticina, , A.flavus – Aspergillus flavus,  
P.spp. – Penicillium spp.,C.lunata – Curvularia lunata, D.australiensis – Drechslera 
australiensis
Table 4A - Isolation of fungi from wheat seeds by three incubation method: Blotter, Agar Plate Method and Deep freeze Method 
 
Each value is a mean of three replicate 
*Values are in percent frequency (%) 
 
 
 NON STERILIZED SEEDS STERILIZED SEEDS 
ISOLATED FUNGI BLOTTER AGAR PALTE DEEP FREEZE BLOTTER AGAR PALTE DEEP FREEZE 
Alternaria triticina 78.33 72.66 62.66 67.33 37.33 29.02 
Alternariya alternata 77.33 63.66 52.06 62.33 31.15 24.03 
Aspergillus niger 74.66 69.33 71.33             65.33 30.33 24.33 
Ustilago tritici 66.33 53.66 60.66 57.33 29.66 23.92 
Aspergillus flavus 57.33 48.33 53.33 49.33 29.33 22.61 
Bipolaris sorokiniana 58.66 47.66 53.33 48.66 27.66 22.28 
Bipolaris maydis 56.66 46.33 51.66 47.33 25.66 21.36 
Fusarium moniliforme 39.66 34.66 40.66 36.33 24.66 18.64 
Fusarium oxysporum 37.33 29.33 34.66 32.33 23.33 18.32 
Fusarium solani 33.66 27.33 31.33 29.33 23.33 17.35 
Helminthosporium spp. 32.66 25.66 30.66 27.66 22.66 17.13 
Rhizopus oryzae 31.33 24.33 29.66 26.33 22.33 16.41 
Rhizopus spp. 30.33 23.33 28.66 25.33 20.66 14.66 
Drechslera australiensis 29.33 22.66 26.66 23.66 16.33 14.58 
Drechslera spp. 27.66 21.66 26.33 22.66 15.41 10.33 
Mucor spp. 27.33 21.33 19.33 16.66 14.33 8.69 
Penicillium spp. 23.33 15.66 17.33 0.00 12.66 0.00 
Curvularia lunata 20.66 14.66 14.33 0.00 0.00 0.00 
Curvularia spp. 19.55 13.66 0.00 0.00 0.00 0.00 
Cladosporium spp. 15.66 11.33 0.00 0.00 0.00 0.00 
Germination (%) 22 28 20 30 40 27 
LSD at  P<0.05 4.60 4.16 4.95 4.43 3.02 2.54 
Table 5A –Pathogenicity test under laboratory condition by five pathogenic fungi - Wheat variety PBW343 
 
Isolated fungi Total seed used Infection (%) No. of seedling emerged Symptoms 
Control 100 27.38 71.48 
 
No  symptoms 
Alternaria triticina 100 53.76  
44.47 
 Stunted growth 
Bipolaris sorokiniana 100 41.37 
 
56.71 
 
Rotting of seeds, stunted growth 
of seedling 
Ustilago tritici 100 47.41  
51.48 
 Stunted growth 
Fusarium moniliforme 100 35.48  
64.14 
 
Rotting of seeds and stunted 
growth 
Aspergillus niger 100 31.46  
54.88 
 
Discolouration of seeds and 
stunted growth of seedling 
LSD at  P<0.05  4.57 3.56  
 
Each value is a mean of three replicate 
 
Table 6A-Transmission of seed-borne fungi of wheat from seeds to germinating seeds and seedlings as determined by test tube seedling 
test - Wheat variety PBW343 
 
 
 
 
 
 
 
 
Seed-borne fungi Pre emergence death (%) Post emergence 
death(%) 
Total disease development 
(%)  Seed Seedling 
Control 4.3 4.1 0 2.0 
A.alternata 42.38 35.38 38.72 40.22 
A.triticina 45.71 48.39 54.39 50.11 
B.sorokiniana 12.71 22.71 24.72 25.22 
F.moniliforme 8.71 11.37 12.37 12.11 
A.niger 12.03 20.38 23.7 20.07 
LSD at  P<0.05 2.64 2.61 2.10  
                Table 7A -Pathogenicity test of five fungi under pots condition by Seed coating method-Wheat variety PBW343 
 
 
Table 8A - Pathogenicity test of five fungi under pots condition by Spore suspension method -Wheat variety PBW343  
 
 
 
Each value is a mean of three replicate 
A.alternata - Alternariaalternata, A.triticina - Alternariatriticina, B.sorokiniana - Bipolarissorokiniana,.F.moniliforme-Fusariummoniliforme, 
U.tritici-Ustilagotritici 
Tested Fungi   Pre emergence death (%)     Post emergence 
death (%) 
Leaf spot Seedling 
spot 
Root spot Germination 
      (%) 
Disease index 
        (0-5) Seed             Seedling 
Control 5.12 2.1 4.5 0 0 0 80 0 
A.alternata 20.39 9.71 18.72 1 2 0 45 2 
A.triticina 64.38 72.05 12.71 3 0 0 25 4 
B.sorokiniana 15.04 13.39 25.04 2 2 3 30 3 
F.moniliforme 13.38 22.71 31.71 0 0 2 35 2 
U. tritici 45.03 27.37 14.04 0 0 0 20 3 
LSD  at  P<0.05 2.14 2.07 1.23      
Tested Fungi Pre emergence death (%)   Post emergence 
death (%) 
Leaf spot Seedling 
spot 
Root spot Germination 
      (%) 
Disease index 
       (0-5)    Seed              Seedling 
Control 4.3 2.1 2.1 0 0 0 80 1 
A.alternata 18.71 23.38 23.28 1 2 0 30 2 
A.triticina 46.71 31.38 31.36 3 0 0 35 3 
B.sorokiniana 23.03 25.71 25.73 2 2 1 32 2 
F.moniliforme 10.71 16.37 16.35 0 0 2 22 1 
U.tritici 34.38 43.39 43.37 0 0 0 15 3 
LSD  at  P<0.05 1.66 1.67 1.89      
Table 9A- Pathogenicity test of five fungi under pots condition by inoculum disc method-Wheat variety PBW343 
 
                Table 10A - Pathogenicity test of five fungi under lab condition by cotton swab method-Wheat variety PBW343 
Each value is a mean of three replicate 
A.alternata - Alternariaalternata, A.triticina - Alternariatriticina B.sorokiniana - Bipolarissorokiniana,.F.moniliforme-Fusariummoniliforme, 
U.tritici-Ustilagotritici 
Tested Fungi Pre emergence death (%) Post emergence 
death (%) 
Leaf spot Seedling 
spot 
Root spot Germination 
      (%) 
Disease index 
         (0-5)   Seed        Seedling         
Control 5.1 0 3.5 0 0 0 80 1 
A.alternata 17.37 21.38 20.72 0 2 0 32 1 
A.triticina 42.7 43.71 6.69 3 0 0 22 3 
B.sorokiniana 34.38 42.72 17.38 2 2 3 36 2 
F.moniliforme 14.36 12.71 33.37 0 0 2 30 1 
U. tritici 26.07 30.38 14.37 1 2 0 42 2 
LSD  at  P<0.05 1.63 1.84 1.16      
Tested Fungi Pre emergence death (%) Post emergence      
death (%) 
Leaf spot Seedling 
spot 
Root spot Germination 
      (%) 
Disease index 
        (0-5)          Seed            Seedling    
Control 4.1 2.3 2.4 0 0 0 80 1 
A.alternata 25.15 28.12 26.22 0 2 0 32 2 
A.triticina 32.12 42.16 25.11 3 0 0 20 3 
B.sorokiniana 35.16 35.21 38.16 2 2 3 36 2 
F.moniliforme 25.12 32.15 35.15 0 0 2 30 1 
U.tritici 45.18 48.12 20.16 0 2 0 22 3 
LSD  at  P<0.05 1.90 2.16 1.71      
Table 11A – Effect of different concentration of fungicides on the mycelial growth of five pathogenic fungiof wheat by poison food method 
Treatments / 
Concentration 
 
A.triticina 
Colony diameter  
(mm) 
A.alternata 
Colony diameter  
(mm) 
F.moniliforme          
Colony diameter  
(mm) 
B.sorokiniana 
Colony diameter  
(mm) 
U.tritici 
Colony diameter  
(mm) 
100 
ppm 
200 
ppm 
500 
ppm 
100 
ppm 
200 
ppm 
500  
ppm 
100 
ppm 
200 
ppm 
500 
ppm 
100 
ppm 
200 
ppm 
500 
ppm 
100 
ppm 
200 
ppm 
500 
ppm 
Control 81.06 81.06 81.06 72.67 72.67 72.67 88.53 88.53 88.53 80.57 80.57 80.57 83.48 83.48 83.48 
Carbendazim 19.85 17.41 11.81 21.98 15.57 12.62 22.61 17.67 13.14 22.47 17.69 13.66 19.48 15.48 12.22 
Mancozeb 24.99 19.63 14.77 20.57 16.56 13.04 24.57 20.55 17.07 24.73 20.63 17.67 21.61 17.49 14.11 
Vitavax 27.49 21.37 16.03 23.05 18.77 14.01 28.56 23.61 19.81 26.61 21.22 18.07 25.48 19.67 15.66 
Benlate 31.57 28.53 23.71 29.53 23.58 17.63 32.46 27.62 22.84 31.85 28.56 24.96 28.63 22.67 19.94 
LSD at P<0.05 2.75 2.63 2.53 2.45 2.28 2.19 2.95 2.82 2.70 2.74 2.61 2.53 2.71 2.59 2.52 
 
Each value is a mean of three replicate 
 
A.triticina – Alternaria triticina A.alternata – Alternaria alternata, F. moniliforme-Fusarium moniliforme, B.sorokiniana – Bipolaris 
sorokiniana,. U.tritici-Ustilago tritici 
 
 
 
 
 
Table12A– Effect of different concentration of the biocontrol agents on the mycelial growth of five pathogenic fungiof wheat by dual culture method 
Treatments / 
Concentrations 
 
A.triticina 
Colony diameter in       
(mm) 
A.alternata 
Colony diameter in 
(mm) 
F.moniliforme          
Colony diameter in    
(mm) 
B.sorokiniana          
Colony diameter in                   
(mm) 
U.tritici 
Colony diameter in      
(mm) 
2mm 3mm 5mm 2mm 3mm 5mm 2mm 3mm 5mm 2mm 3mm 5mm 2mm 3mm 5mm 
Control 81.06 81.06 81.06 72.67 72.67 72.67 88.53 88.53 88.53 80.57 80.57 80.57 83.48 83.48 83.48 
T. harzianum 17.07 12.34 10.15 15.12 13.77 11.16 17.07 15.22 9.18 12.11 10.22 10.12 16.99 11.12 9.22 
T.viride 16.12 13.78 12.54 17.11 14.92 12.22 20.03 18.33 12.15 18.93 15.03 13.11 20.96 15.22 13.23 
P.fluorescens 20.49 17.03 15.32 19.15 18.21 17.04 24.18 21.18 16.12 
 
20.04 
 
17.12 17.28 20.33 18.33 15.12 
B. subtilis 22.52 20.54 19.67 21.12 20.23 17.89 21.12 19.53 18.59 20.15 19.22 17.66 22.92 20.91 19.33 
LSD at P<0.05 2.54 2.50 2.47 2.28 2.25 2.20 2.79 2.73 2.65 2.51 2.45 2.44 4.38 2.55 3.11 
 
Each value is a mean of three replicate 
 
A.triticina – Alternaria triticina, A.alternata – Alternaria alternata, F. moniliforme-Fusarium moniliforme, B.sorokiniana – Bipolaris 
sorokiniana,. U.tritici-Ustilago tritici 
 
 
 
 
 Table13A – Effect of different concentration of the botanicals on the mycelial growth of five pathogenic fungiof wheat by poison food method 
 
Treatments / 
Concentrations 
 
A.triticinaColony 
diameter in    (mm) 
A.alternata                  
Colony diameter in    
(mm) 
F.moniliforme          
Colony diameter in 
 (mm) 
B.sorokiniana           
Colony diameter in  
(mm) 
U.tritici 
Colony diameter in      
(mm) 
5% 10% 20% 5% 10% 20% 5% 10% 20% 5% 10% 20% 5% 10% 20% 
Control 81.06 81.06 81.06 72.67 72.67 72.67 88.53 88.53 88.53 80.57 80.57 80.57 83.48 83.48 83.48 
Eucalyptus globulus 18.07 16.21 14.12 15.12 12.21 12.16 12.22 12.12 12.12 17.11 15.05 12.26 11.15 9.02 4.03 
Calotropisprocera 22.15 18.11 15.15 17.16 15.06 13.21 15.11 13.04 12.65 15.21 13.26 13.16 14.16 11.08 8.02 
Ocimum sanctum 22.47 20.54 18.77 20.11 17.11 15.11 21.17 17.07 15.16 23.62 19.56 17.93 21.18 18.02 15.07 
Daturastramonium 25.61 22.47 19.07 27.56 22.48 21.81 24.46 21.48 18.07 22.15 20.12 18.02 24.49 21.51 19.93 
Lantana camara 27.57 24.62 20.96 29.47 23.52 22.11 26.65 22.67 20.62 25.46 20.48 19.07 26.48 23.52 22.14 
Ricinuscommunis 31.64 28.69 20.66 30.23 24.92 22.71 30.56 26.39 21.51 25.84 22.88 19.92 27.71 24.46 23.14 
Euphorbia hirta 32.12 26.16 22.18 32.58 27.59 24.77 28.46 25.72 24.81 28.63 24.33 22.11 29.46 26.51 23.81 
LSD at P<0.05 2.27 2.15 2.07 2.10 1.93 1.88 2.31 2.21 2.20 2.14 2.24 2.05 2.21 2.11 2.04 
 
Each value is a mean of three replicate 
A.triticina – Alternaria triticina A.alternata – Alternaria alternata, F. moniliforme-Fusarium moniliforme, B.sorokiniana – Bipolaris 
sorokiniana,. U.tritici-Ustilago tritici 
 
 
Table 14A – Effect of fungicide as seed priming to control the seed- borne infection of wheat (Blotter Method) 
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.T B.S F.M A.A A.N A.F R.O M.spp. P. spp. C.L D.A D.spp. 
Control 74.23 69.33 63.66 58.66 47.33 39.66 31.33 29.33 28.66 23.33 20.66 16.41 35.0 
Carbendazim 22.46 16.56 16.14 14.43 10.79 9.84 7.44 6.46 6.78 4.47 0 0 82.0 
Mancozeb 27.84 23.46 22.8 21.39 19.53 18.51  14.44 14.37 10.47 5.53 0 0 75.0 
Vitavax 36.08 34.81 33.6 31.58 23.48 19.45 20.51 15.84 15.45 7.52 4.52 0 67.0 
Benlate 41.51 36.52 33.79 32.86 30.51 29.57 25.51 22.82 18.16 15.47 7.88 0 60.0 
LSD at P<0.05 2.82 3.35 2.35 2.16 1.93 1.89 1.60 2.80 3.64 2.51 1.39 0.45  
 
Each value is a mean of three replicate 
 
A.T- Alternaria triticina, B.S- Bipolaris sorokiniana,F.M- Fusarium moniliforme, A.A- Alternaria alternata, A.N– Aspergillus niger, A.F- 
Aspergillus flavus, R.O- Rhizopus oryzae, M.spp,- Mucor spp, P.spp. – Penicillium spp.,C.L- Curvularia lunata, D.A – Drechslera australiensis, 
Drechslera spp.GER- Germination percentage. 
 
 
 
 
       Table 15A – Effect of fungicides as seed priming to control the seed -borne infection of wheat (Agar Plate Method) 
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.T B.S F.M A.A A.N A.F R.O M.spp. P. spp. C.L D.A D.spp. 
Control 72.66 65.33 60.66 57.33 40.66 34.66 29.33 26.66 26.33 19.33 15.66 11.08 33.0 
Carbendazim 23.52 21.44 19.39 16.49 16.47 11.47 11.51 8.49 6.4 6.5 0 0 80.0 
Mancozeb 28.8 27.56 28.52 26.62 22.56 21.46 17.47 14.51 9.48 7.57 0 0 72.0 
Vitavax 37.54 34.81 32.44 27.49 26.59 22.68 17.44 17.56 12.89 9.52 0 0 65.0 
Benlate 49.5 40.58 42.51 39.55 33.5 28.98 24.77 21.49 16.5 12.55 0 0 57.0 
LSD at P<0.05 4.67 3.79 3.75 3.57 2.85 2.39 2.11 1.91 1.79 1.03 3.61 1.45  
 
  Each value is a mean of three replicate 
 
A.T- Alternaria triticina, B.S- Bipolaris sorokiniana,F.M- Fusarium moniliforme, A.A- Alternaria alternata, A.N– Aspergillus niger, A.F- 
Aspergillus flavus, R.O- Rhizopus oryzae, M.spp,- Mucor spp, P.spp. – Penicillium spp.,C.L- Curvularia lunata, D.A – Drechslera australiensis, 
Drechslera spp.GER- Germination percentage. 
 
 
 
 
Table 16A – Effect of biocontrol agents as seed priming to control the seed- borne infection of wheat (Blotter Method) 
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.T B.S F.M A.A A.N A.F R.O M.spp. P. spp. C.L 
 
D.A 
 
D.spp. 
Control 74.23 69.33 63.66 58.66 47.33 39.66 31.33 29.33 28.66 23.33 20.66 16.41 35.0 
T. harzianum 
 17.41 14.48 12.46 9.45 7.42 5.54 5.42 2.76 2.06 0 0 0 82.0 
P. fluorescens 
 19.46 16.49 13.44 11.42 9.46 6.48 4.73 3.39 2.36 0 0 0 80.0 
T.viride 
 20.12 18.49 18.46 13.42 9.47 8.53 5.46 3.41 2.69 1.06 0 0 77.0 
B.subtilis 23.77 21.51 19.42 17.46 14.39 11.43 7.36 4.36 3.47 2.07 0 0 62.0 
LSD atP<0.05 2.40 4.44 0.02 1.83 1.49 1.23 0.96 0.87 0.81 0.65 0.56 0.45  
 
Each value is a mean of three replicate 
A.T- Alternaria triticina, B.S- Bipolaris sorokiniana,F.M- Fusarium moniliforme, A.A- Alternaria alternata, A.N– Aspergillus niger, A.F-
Aspergillus flavus, R.O- Rhizopus oryzae, M.spp,- Mucor spp, P.spp – Penicillium spp.,C.L- Curvularia lunata, D.A– Drechslera australiensis, 
Drechslera spp.T.viride-Trichoderma viride,  T.harzianum – Trichoderma harzianum , P. fluorescens – Pseudomonas fluorescens , B. subtilis – 
Bacillus subtilis. GER- Germination percentage. 
 
 
 
Table17A – Effect of biocontrol agents as seed priming to control the seed- borne infection of wheat (Agar Plate Method) 
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.T B.S F.M A.A A.N A.F R.O M.spp. P. spp. C.L D.A D.spp. 
Control 72.66 65.33 60.66 57.33 40.66 34.66 29.33 26.66 26.33 19.33 15.66 11.08 33.0 
T.harzianum 
 24.47 22.45 19.43 15.54 14.41 9.48 7.47 4.81 2.75 1.05 0 0 88.0 
P.fluorescens 
 26.44 22.52 19.47 16.46 12.48 11.37 9.47 6.41 5.43 1.09 0 0 80.0 
T.viride 
 27.05 24.51 19.85 17.18 14.51 12.55 10.81 6.46 6.41 3.81 2.73 0 72.0 
B.subtilis 
 29.46 26.42 22.44 19.54 16.49 15.46 12.49 9.42 6.47 4.52 2.78 1.07 68.0 
LSD at P<0.05 4.46 3.60 3.47 3.33 2.61 2.18 1.93 1.74 1.69 0.89 3.62 1.46  
 
                   Each value is a mean of three replicate 
A.T- Alternaria triticina, B.S- Bipolaris sorokiniana,F.M- Fusarium moniliforme, A.A- Alternaria alternata, A.N– Aspergillus niger, A.F-
Aspergillus flavus, R.O- Rhizopus oryzae, M.spp,- Mucor spp, P.spp – Penicillium spp.,C.L- Curvularia lunata, D.A – Drechslera australiensis, 
Drechslera spp.,T.viride-Trichoderma viride,  T. harzianum -  Trichoderma harzianum , P. fluorescens – Pseudomonas fluorescens , B. subtilis – 
Bacillus subtilis. GER- Germination percentage. 
 
 
 
 
 
                             Table 18A – Effect of botanicals seed priming to control the seed borne infection of wheat (Blotter Method) 
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.T B.S F.M A.A A.N A.F R.O M.spp. P. spp. C.L D.A D.spp. 
Control 74.23 69.33 63.66 58.66 47.33 39.66 31.33 29.33 28.66 23.33 20.66 16.41  35.0 
Eucalyptus globulus 22.56 18.34 17.12 13.33 11.07 9.66 7.24 6.33 4.29 3.43 3.34 2.31 72.0 
Calotropis procera 26.56 20.34 24.03 14.33 11.07 20.41 14.62 9.83 10.25 9.12 5.34 3.15 67.0 
Ocimum sanctum 29.02 27.43 17.12 22.01 23.33 10.66 10.24 11.27 8.59 7.83 6.57 3.71 62.0 
Datura stramonium 32.33 31.08 26.99 22.65 24.39 21.64 14.87 13.46 11.22 9.21 6.97 5.05 53.0 
Lantana camara 34.03 32.46 29.66 24.03 26.67 21.68 17.62 13.46 11.33 10.29 8.65 6.53 49.0 
Ricinus communis 39.64 34.52 31.69 27.01 32.44 22.28 19.53 15.71 14.28 10.78 8.25 7.94 47.0 
Euphorbia hirta 40.03 37.46 32.44 29.31 34.99 23.41 19.68 17.34 14.32 11.98 10.57 7.95 44.0 
LSD at P<0.05 2.44 2.23 4.13 1.79 1.73 1.36 1.07 0.96 0.87 0.75 0.57 0.47  
 
Each value is a mean of three replicate 
A.T- Alternaria triticina, B.S- Bipolaris sorokiniana,F.M- Fusarium moniliforme, A.A- Alternaria alternata, A.N– Aspergillus niger, A.F-
Aspergillus flavus, R.O- Rhizopus oryzae, M.spp,- Mucor spp, P.spp – Penicillium spp.,C.L- Curvularia lunata, D.A – Drechslera australiensis, 
Drechslera spp.,GER- Germination percentage. 
 
 
Table 19A – Effect of botanicals seed priming to control the seed borne infection of wheat(Agar Plate Method) 
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.T B.S F.M A.A A.N A.F R.O M.spp. P. spp. C.L D.A D.spp. 
Control 72.66 65.33 60.66 57.33 40.66 34.66 29.33 26.66 26.33 19.33 15.66 11.08  33.0 
Eucalyptus globulus 24.56 20.04 15.12 13.33 11.07 9.16 7.24 6.57 4.29 3.23 1.11 1.0  75.0 
Calotropis procera 30.15 34.49 28.69 16.77 15.44 11.01 10.23 7.96 5.68 4.24 3.21 1.25 53.0 
Ocimum sanctum 35.25 30.35 22.07 20.82 15.83 12.4 10.33 9.94 5.89 4.09 2.11 2.25  68.0 
Datura stramonium 40.66 34.66 28.69 24.29 18.29 13.7 10.52 10.23 8.42 5.24 4.12 3.18 52.0 
Lantana camara 46.02 39.77 31.39 25.22 19.49 15.21 11.23 10.83 9.42 6.52 4.16 4.02 45.0 
Ricinus communis 46.33 41.75 33.66 26.68 25.39 22.77 17.8 17.72 11.78 9.2 6.18 4.12 42.0 
Euphorbia hirta 52.99 51.05 48.68 46.31 43.53 33.66 26.24 20.24 14.64 13.62 12.66 9.11  40.0 
LSD at P<0.05 3.90 3.28 3.03 2.83 2.28 1.86 1.60 1.45 1.64 0.77 0.62 1.13  
 
Each value is a mean of three replicate 
A.T- Alternaria triticina, B.S- Bipolaris sorokiniana,F.M- Fusarium moniliforme, A.A- Alternaria alternata, A.N– Aspergillus niger, A.F-
Aspergillus flavus, R.O- Rhizopus oryzae, M.spp,- Mucor spp, P.spp – Penicillium spp.,C.L- Curvularia lunata, D.A – Drechslera australiensis, 
Drechslera spp.,.GER- Germination percentage. 
  
  
   
   
  
 
 
 
  
  



   
 
    
 
    Table 20A – Effect of initial inoculum levels of Alternaria triticina on plant growth parameters of wheat plant 
 
Each value is a mean of three replicates 
 
  
Treatments 
Shoot  
Lengt
h  
(cm) 
Shoot  wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
spikelets 
/spike 
No. of 
Grain 
/spike 
Chlorophyll  
(mg/g) 
Carotenoi
d  
(mg/g) 
Leaf 
Scaling 
(0-5) Fresh Dry Fresh Dry 
Control 85.23 21.44 8.24 20.13 0.0044  0.0010 16.11 23.13 1.22 0.24 0 
Initial inoculum level 1 78.22 17.42 8.22 13.25 0.0041  0.0009 12.12 19.22 1.02 0.21 2 
Initial inoculum level 2 75.12 16.15 6.13 12.11 0.0032 0.0006 11.11 18.11 0.97 0.18 3 
Initial inoculum level 3 65.33 14.36 4.16 9.11 0.0015 0.0004 8.12 15.23 0.65 0.11 5 
Initial inoculum level 4 61.42 14.21 4.06 8.96 0.0015 0.0003 7.11 14.16 0.57 0.09 4 
Initial inoculum level 5 58.16 13.11 3.12 8.11 0.0013 0.0002 7.05 14.06 0.55 0.05 3 
        LSD at P<0.05 3.85 1.04 0.37 0.78 0.0008 0.0005 0.64 1.08 0.03 0.03  
          
   Table 21A – Effect of initial inoculums levels of Ustilago tritici on plant growth parameters of wheat plant 
 
Each value is a mean of three replicates 
  
Treatments 
Shoot  
Length  
(cm) 
Shoot  wt (g) 
Root 
 
Length  
(cm) 
Root wt (g) No. of 
spikelet’s 
/spike 
No. of 
Grain 
/spike 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
 
Seed 
Scaling 
(0-5) 
Fresh Dry Fresh Dry 
Control 85.23 21.44 8.22 20.13 0.0041 0.0010 16.11 23.13 1.22 0.24 0 
Initial inoculum level 1 80.11 18.22 7.16 18.22 0.0033 0.0009 15.26 20.11 1.05 0.22 1 
Initial inoculum level 2 76.23 17.11 7.05 12.16 0.0031 0.0008 13.16 20.08 0.96 0.20 2 
Initial inoculum level 3 62.45 14.02 5.50 7.22 0.0016 0.0006 9.12 16.27 0.69 0.15 5 
Initial inoculum level 4 56.16 12.13 5.33 7.18 0.0015 0.0005 9.06 16.15 0.60 0.13 3 
Initial inoculum level 5 53.43 12.05 5.16 7.11 0.0015 0.0004 8.01 16.11 0.57 0.11 3 
      LSD at P<0.05 5.48 1.00 0.39 0.80 0.0006 0.0005 0.74 1.15 0.03 0.02  
            Table 22A- Effect of Biocontrol agents alone or in combination with FYM on Alternaria leaf blight infection on wheat plant 
Each value is a mean of three replicates 
AT – Alternaria triticina , FYM – Farmyard manure, TH-  Trichoderma harzianum   ,TV- Trichoderma viride ,  PF- Pseudomonas fluorescens,  
BS - Bacillus subtilis ,  
Treatments 
Shoot  
Length  
(cm) 
Shoot  wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
spikelets 
/spike 
No. of 
Grain 
/spike 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
 
Leaf  
Scaling  
(0-5) Fresh Dry Fresh Dry 
Control 85.23 21.44 8.22 20.13 0.0061 0.0010 16.11 23.13 1.22 0.24 0 
 AT 62.45 14.02 5.5 7.22 0.0016 0.0006 9.12 16.27 0.65 0.11 5 
Control + FYM 97.44 29.32 12.0 30.12 0.0092 0.0011 18.12 30.14 1.45 0.51 0 
TH 
Sp
ra
y 
97.22 28.22 9.35 27.22 0.0085 0.0012 16.25 28.62 1.38 0.53 0 
TV 94.45 25.33 9.28 24.41 0.0063 0.0011 15.54 26.74 1.35 0.51 0 
PF 96.97 27.17 8.95 26.22 0.0075 0.0011 14.65 24.26 1.30 0.41 1 
BS 93.66 26.21 8.41 24.67 0.0069 0.0010 12.22 23.65 1.28 0.36 0 
TH+ AT 
Sp
ra
y 
70.44 18.24 6.26 14.12 0.0049 0.0008 11.02 21.15 0.79 0.33 2 
TV+ AT 67.63 16.61 5.48 12.63 0.0038 0.0007 9.64 19.26 0.72 0.27 2 
PF+  AT 65.45 15.62 5.16 11.23 0.0037 0.0007 8.34 17.12 0.69 0.22 3 
BS+  AT 64.56 13.45 4.26 11.12 0.0027 0.0007 7.34 15.55 0.67 0.20 3 
TH+  AT 
Se
ed
 c
oa
tin
g 102.44 29.11 9.04 31.65 0.0106 0.0010 21.32 43.75 1.25 0.67 1 
TV+  AT 101.76 27.12 8.41 30.22 0.0092 0.0010 20.35 39.65 1.21 0.62 2 
PF+  AT 102.66 26.06 6.17 30.78 0.0095 0.0010 19.34 37.33 1.16 0.58 1 
BS+  AT 99.42 26.01 6.07 28.67 0.0070 0.0008 21.11 35.09 1.11 0.55 
1 
TH +FYM+  AT 
Sp
ra
y 
+ 
se
ed
 104.56 32.45 11.75 33.48 0.0118 0.0012 26.64 48.11 1.47 1.03 0 
TV +FYM+  AT 103.45 28.16 9.75 31.23 0.0107 0.0011 23.64 43.12 1.40 1.01 0 
PF +FYM+  AT 101.44 30.21 10.55 32.62 0.0114 0.0012 24.76 45.55 1.46 1.03 0 
BS +FYM+  AT 99.44 26.12 8.90 29.52 0.0092 0.0011 21.78 40.88 1.36 1.00 
1 
LSD 5.24 1.46 0.50 1.46 0.0052 0.0005 1.00 1.86 0.02 0.01  
        Table 23A- Effect of fungicides alone or in combination with FYM on Alternaria leaf blight infection on wheat plant 
 
Each value is a mean of three replicates 
AT – Alternaria triticina, FYM – Farmyard manure, CA- Carbendazim,  MA- Mancozeb, BE- Benlate, VI- Vitavax 
Treatments 
Shoot  
Length  
(cm) 
Shoot wt  (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
spikelets 
/spike 
No. of 
Grain 
/spike 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
 
Leaf  
Scaling  
(0-5) Fresh Dry Fresh Dry 
Control 85.23 21.44 8.22 20.13 0.0061 0.0010 16.11 23.13 1.22 0.24 0 
AT 62.45 14.02 5.5 7.22 0.0016 0.0006 9.12 16.27 0.65 0.11 5 
Control + FYM 97.44 29.32 12.0 30.12 0.0092 0.0011 18.12 30.14 1.45 0.51 0 
CA 
Sp
ra
y 
99.42 29.16 10.22 28.32 0.0088 0.0012 17.22 32.62 1.40 0.54 0 
MA 97.23 27.21 8.16 26.52 0.0072 0.0012 16.21 28.74 1.37 0.50 0 
BE 93.45 26.43 7.14 23.11 0.0054 0.0012 13.44 22.26 1.29 0.44 0 
VI 91.42 24.22 6.15 21.22 0.0033 0.0010 11.12 20.65 1.26 0.40 0 
CA+ AT 
Sp
ra
y 
74.11 19.42 8.32 16.21 0.0050 0.0009 13.22 23.15 0.81 0.35 2 
MA+ AT 71.45 16.54 6.28 14.32 0.0039 0.0008 11.11 21.26 0.77 0.32 2 
BE+ AT 70.21 15.36 5.11 14.21 0.0038 0.0007 9.22 17.65 0.73 0.32 3 
VI+ AT 69.22 14.66 5.01 12.02 0.0017 0.0007 10.23 19.12 0.70 0.29 3 
CA + AT 
Se
ed
 c
oa
tin
g 104.44 30.21 11.18 32.22 0.0102 0.0010 25.45 44.55 1.30 0.69 1 
MA+ AT 102.32 28.40 9.22 31.01 0.0095 0.0010 22.21 41.65 1.27 0.64 1 
BE+ AT 100.22 26.12 8.36 29.22 0.0072 0.0010 20.34 43.23 1.25 0.60 2 
VI+ AT 98.27 25.11 7.16 27.25 0.0082 0.0009 21.32 38.09 1.22 0.57 2 
CA +FYM+ AT 
Sp
ra
y+
se
ed
 
  
105.44 33.15 13.26 34.26 0.0122 0.0012 26.21 45.21 1.49 1.05 0 
MA +FYM + AT 102.26 31.18 12.27 32.54 0.0112 0.0011 24.43 43.55 1.47 1.04 0 
BE+FYM + AT 103.35 29.32 10.35 30.21 0.0102 0.0011 22.22 40.22 1.45 1.02 0 
VI +FYM + AT 100.12 27.18 8.18 30.11 0.0101 0.0011 22.43 39.82 1.42 1.02 1 
LSD  5.14 1.55 0.52 1.48 0.0059 0.0005 1.03 1.89 0.01 0.04  
Table 24A- Effect of botanicals alone or in combination with FYM on Alternaria leaf blight infection on wheat plant 
Each value is a mean of three replicates 
AT - Alternaria triticina, FYM - Farmyard manure,  EG - Eucalyptus globulus,  OS - Ocimum sanctum,  CP - Calotropis procera,  DS - Dhatura 
stramonium,  
 
 
Treatments 
Shoot  
Length  
(cm) 
Shoot wt (g) Root 
 Length  
(cm) 
Root wt  (g) No. of 
spikelets 
/spike 
No. of 
Grain 
/spike 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
 
Leaf 
Scaling 
(0-5) Fresh Dry Fresh Dry 
Control 85.23 21.44 8.22 20.13 0.0061 0.0010 16.11 23.13 1.22 0.24 0 
AT 62.45 14.02 5.5 7.22 0.0016 0.0006 9.12 16.27 0.65 0.11 5 
Control + FYM  97.44 29.32 12.0 30.12 0.0092 0.0011 18.12 30.14 1.45 0.51 0 
EG 
   
Sp
ra
y 
96.33 28.33 8.22 26.21 0.0096 0.0011 14.38 25.76 1.31 0.48 0 
OS 94.32 26.66 8.19 24.15 0.0092 0.0011 13.17 22.23 1.27 0.40 0 
CP 92.22 24.32 8.15 22.34 0.0084 0.0011 13.11 21.43 1.23 0.34 0 
DS 90.15 22.41 7.75 20.16 0.0073 0.0010 12.07 20.34 1.21 0.31 0 
EG+ AT 
Sp
ra
y 
72.23 16.22 6.76 15.23 0.0058 0.0007 10.12 18.95 0.75 0.30 2 
OS+ AT 69.34 14.62 5.11 13.45 0.0046 0.0007 8.04 17.89 0.71 0.27 3 
CP+ AT 67.42 14.21 4.51 11.27 0.0036 0.0006 7.01 17.81 0.68 0.24 3 
DS+ AT 65.21 13.22 4.42 10.33 0.0035 0.0005 5.98 12.71 0.66 0.23 3 
EG+ AT 
Se
ed
 c
oa
tin
g 102.12 27.42 8.44 31.21 0.0082 0.0010 15.39 35.21 1.22 0.61 1 
OS+ AT 100.25 25.22 7.21 30.11 0.0075 0.0010 13.32 29.54 1.20 0.57 1 
CP+ AT 98.22 23.32 6.67 29.33 0.0062 0.0009 15.23 27.18 1.17 0.53 2 
DS+ AT 95.34 23.36 6.07 24.25 0.0052 0.0009 12.01 24.22 1.15 0.49 2 
EG +FYM + AT 
Sp
ra
y+
se
ed
 103.23 30.45 9.31 32.11 0.0112 0.0011 20.72 42.21 1.46 1.00 0 
OS +FYM + AT 101.44 30.21 8.27 31.24 0.0092 0.0011 18.28 35.16 1.43 0.96 0 
CP + FYM+ AT 99.22 26.43 7.65 30.21 0.0082 0.0010 15.38 26.24 1.39 0.85 1 
DS + FYM+  AT 97.23 25.31 7.50 28.45 0.0071 0.0010 12.25 20.12 1.35 0.83 1 
LSD  5.20 1.88 0.91 1.42 0.0057 0.0004 0.90 1.84 0.04 0.03  
 Table 25A- Effect of Biocontrol agents, botanicals and fungicides as seed treatment and spray in combination with FYM on 
Alternaria leaf blight infection on wheat plant 
Each value is a mean of three replicates 
AT -Alternaria triticina, FYM -Farmyard manure, TH- Trichoderma harzianum,   PF- Pseudomonas fluorescens, CA- Carbendazim, EG-    
Eucalyptus globulus, OS - Ocimum sanctum,     
Treatments 
Shoot  
Length  
(cm) 
Shoot wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
spikelets 
/spike 
No. of 
Grain 
/spike 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
 
     Leaf  
Scaling  
(0-5) Fresh Dry Fresh Dry 
Control 85.23 21.44 8.22 20.13 0.0061 0.0010 16.11 23.13 1.22 0.24 0 
AT 62.45 14.02 5.5 7.22 0.0016 0.0006 9.12 16.27 0.65 0.11 5 
Control + FYM 97.44 29.32 12.0 30.12 0.0092 0.0011 18.12 30.14 1.45 0.51 0 
CA+TH+ AT 
   
 S
ee
d 
+ 
Sp
ra
y 
109.62 35.15 15.11 35.77 0.0103 0.0052 31.21 55.24 3.18 1.12 0 
CA+PF+ AT 107.25 34.56 14.75 32.61 0.0092 0.0041 24.11 51.04 2.96 1.07 0 
CA+EG+ AT 103.26 31.55 13.65 32.16 0.0083 0.0033 25.21 50.66 2.23 0.96 0 
CA+OS+ AT 102.48 31.24 13.11 33.33 0.0088 0.0038 25.67 51.16 1.99 0.90 0 
TH+CA+ AT 107.73 34.61 15.06 35.11 0.0101 0.0050 30.12 54.32 3.11 1.10 0 
TH+PF+ AT 106.72 33.34 14.64 34.72 0.0101 0.0047 29.45 53.12 2.86 1.05 0 
TH+EG+ AT 104.82 32.55 13.35 34.15 0.0098 0.0042 29.22 54.21 2.11 0.93 0 
TH+OS+ AT 103.52 31.21 12.85 33.65 0.0096 0.0042 28.21 52.67 1.93 0.85 0 
PF+TH+ AT 105.63 33.34 14.34 34.61 0.0094 0.0041 29.21 54.16 2.74 1.03 0 
PF+CA+ AT 104.21 32.44 12.66 31.25 0.0091 0.0041 24.23 51.22 1.85 0.81 0 
PF+EG+ AT 105.25 33.25 14.25 32.61 0.0092 0.0041 24.11 51.04 2.69 1.01 0 
PF+OS+ AT 103.26 29.44 12.22 31.54 0.0082 0.0037 25.05 47.23 1.73 0.74 0 
EG+TH+ AT 105.23 32.67 13.96 34.06 0.0098 0.0042 28.21 52.33 2.51 1.00 0 
EG+PF+ AT 102.33 30.76 12.35 32.21 0.0082 0.0040 25.64 50.22 1.82 0.77 0 
EG+CA+ AT 104.66 32.21 13.88 33.16 0.0092 0.0039 26.22 51.67 2.44 0.99 0 
EG+OS+ AT 101.33 29.87 11.12 32.51 0.0091 0.0041 23.43 52.32 1.69 0.70 0 
OS+TH+AT 102.32 30.22 11.66 32.06 0.0082 0.0033 25.27 50.45 1.64 0.67 0 
OS+PF+AT 102.27 27.26 10.22 29.12 0.0070 0.0023 23.01 45.21 1.55 0.63 0 
OS+CA+AT 101.24 26.34 11.24 32.56 0.0087 0.0035 24.11 50.45 1.52 0.51 0 
OS+EG+AT 99.21 25.33 10.11 24.22 0.0045 0.0021 20.11 36.22 1.49 0.48 1 
LSD  13.90 8.55 0.85 1.71 0.0054 0.0002 1.60 2.96 0.06 0.03  
       Table 26A - Effect of Biocontrol agents alone or in combination with FYM on Loose smut infection on wheat plant 
Each value is a mean of three replicates 
UT -Ustilago tritici , FYM - Farmyard manure,  TH-  Trichoderma harzianum , TV- Trichoderma viride ,  PF- Pseudomonas fluorescens , BS - 
Bacillus subtilis  
Treatments 
Shoot 
Length 
(cm) 
 
Shoot wt (g)  
 
Root 
length 
(cm) 
Root wt (g) 
 No of spikelet’s/ 
spike 
No. of 
Grain 
/spike 
Chlorophyll 
(mg/g) 
Carotenoid 
(mg/g) 
 
Spikelets      
scaling 
(0-5) Fresh Dry  Fresh  Dry  
Control 85.23 21.44 8.22 20.13 0.0061 0.0010 16.11 23.13 1.22 0.24 0 
UT 60.55 13.22 6.5 6.25 0.0014 0.0006 8.22 15.21 0.69 0.15 5 
Control +FYM 97.44 29.32 12.0 30.12 0.0092 0.0011 18.12 30.14 1.45 0.51 0 
TH 
Sp
ra
y 
95.21 25.21 9.25 27.12 0.0086 0.0012 17.21 26.42 1.32 0.55 0 
TV 93.25 25.13 8.45 25.21 0.0070 0.0011 16.54 26.14 1.32 0.52 0 
PF 91.37 23.15 8.33 24.26 0.0062 0.0010 14.25 22.21 1.29 0.44 0 
BS 90.36 22.26 7.45 24.17 0.0051 0.0009 12.42 21.45 1.27 0.36 0 
TH+ UT 
Sp
ra
y 
72.44 16.27 6.24 15.18 0.0056 0.0008 11.02 18.15 0.80 0.35 0 
TV+  UT 69.63 15.42 6.16 14.23 0.0045 0.0008 10.64 17.26 0.76 0.30 0 
PF+ UT 66.45 13.32 5.11 14.15 0.0041 0.0007 9.14 17.12 0.70 0.26 1 
BS+ UT 63.56 12.25 5.02 13.23 0.0037 0.0006 9.04 15.25 0.68 0.23 2 
TH+ UT 
Se
ed
 c
oa
tin
g 97.44 30.27 10.53 28.35 0.0104 0.0010 20.22 40.25 1.27 0.69 0 
TV+ UT 95.36 29.15 10.42 28.21 0.0093 0.0010 19.25 39.15 1.25 0.64 0 
PF+ UT 93.46 27.23 9.27 27.18 0.0092 0.0009 18.34 37.31 1.21 0.56 1 
BS+ UT 89.42 24.18 8.27 25.27 0.0090 0.0008 18.11 37.15 1.15 0.51 1 
TH +FYM+ 
UT 
Se
ed
 +
Sp
ra
y 
105.76 34.25 12.21 34.28 0.0115 0.0013 25.64 45.21 1.44 1.03 0 
TV +FYM+ 
UT 102.41 33.22 11.26 32.23 0.0093 0.0010 23.46 41.15 1.35 1.00 0 
PF +FYM+ 
UT 103.25 33.16 11.17 33.12 0.0104 0.0011 22.24 44.12 1.40 1.01 0 
BS +FYM+ 
UT 101.42 31.15 10.18 30.22 0.0092 0.0009 20.18 40.28 1.33 0.98 1 
LSD 5.15 1.46 0.54 1.44 0.0025 0.0006 0.97 1.80 0.12 0.07  
              Table 27A - Effect of fungicides alone or in combination with FYM on Loose smut infection on wheat plant 
 
Each value is a mean of three replicates 
UT – Ustilago tritici, FYM – Farmyard manure,   VI- Vitavax, CA- Carbendazim, MA- Mancozeb, BE- Benlate 
 
 
 
Treatments 
Shoot 
Length 
(cm) 
 
Shoot wt  (g) 
 
Root 
length 
(cm) 
 
Root wt (g) 
 
No of 
spikelet’s/ 
spike 
No. of 
Grain 
/spike 
Chlorophyll 
(mg/g) 
Carotenoid 
(mg/g) 
 
Spikelets      
scaling 
(0-5) Fresh Dry Fresh Dry 
Control 85.23 21.44 8.22 20.13 0.0061 0.0010 16.11 23.13 1.22 0.24 0 
UT 60.55 13.22 6.5 6.25 0.0014 0.0006 8.22 15.21 0.69 0.15 5 
Control +FYM 97.44 29.32 12.0 30.12 0.0092 0.0011 18.12 30.14 1.45 0.51 0 
VI 
Sp
ra
y 
97.17 27.25 9.25 26.22 0.0086 0.0012 18.22 30.74 1.38 0.51 0 
CA 94.15 26.23 8.21 24.21 0.0073 0.0012 16.34 27.21 1.31 0.50 0 
MA 92.22 24.12 8.12 21.32 0.0053 0.0011 15.22 24.15 1.29 0.46 0 
BE 76.21 18.32 8.12 17.21 0.0044 0.0010 14.12 23.16 0.82 0.33 0 
VI + UT 
Sp
ra
y 
73.25 16.24 7.26 15.22 0.0056 0.0008 12.21 21.25 0.79 0.30 0 
CA+ UT 71.31 15.27 6.24 14.20 0.0045 0.0008 10.11 20.22 0.72 0.29 1 
MA+ UT 70.12 14.26 5.12 12.32 0.0041 0.0007 9.23 19.35 0.69 0.25 2 
BE + UT 70.08 13.21 4.11 12.11 0.0019 0.0007 9.11 17.21 0.63 0.22 3 
VI + UT 
Se
ed
 
co
at
tig
 102.24 32.23 11.64 30.12 0.0101 0.0011 27.35 45.35 1.30 0.70 0 
CA+ UT 101.42 31.14 10.52 29.31 0.0093 0.0010 25.11 42.25 1.28 0.67 0 
MA+ UT 100.32 31.11 10.17 29.22 0.0075 0.0009 23.14 40.33 1.27 0.63 1 
BE+UT 100.23 30.16 9.47 27.25 0.0068 0.0008 23.12 37.19 1.24 0.58 1 
VI +FYM+UT 
Se
ed
+S
p
ra
y 
106.24 35.33 12.41 35.16 0.0120 0.0012 28.51 49.31 1.51 1.06 0 
CA+FYM+UT 104.16 34.22 11.42 33.24 0.0109 0.0010 26.43 46.25 1.46 1.03 0 
MA+FYM+UT 103.25 34.12 11.36 32.11 0.0103 0.0011 25.25 41.12 1.41 1.02 0 
BE+ FYM+UT 101.22 32.16 10.28 30.12 0.0100 0.0009 25.13 38.05 1.38 1.01 1 
LSD 5.15 1.52 0.53 1.43 0.0060 0.0005 1.13 2.48 0.15 0.03  
             Table 28A- Effect of Botanicals alone or in combination with FYM on Loose smut infection on wheat plant 
Each value is a mean of three replicates 
UT - Ustilago tritici, FYM -Farmyard manure, EG - Eucalyptus globulus,  OS - Ocimum sanctum, CP - Calotropis procera,  DS - Dhatura 
stramonium,    
Treatments 
Shoot 
Length 
(cm) 
 
Shoot (g)  
 
Root 
length 
(cm) 
Root (g) 
 No of spikelet’s/ 
spike 
No. of 
Grain 
/spike 
Chlorophyll 
(mg/g) 
Carotenoid 
(mg/g) 
 
Spikelets      
scaling 
(0-5) Fresh  Dry  Fresh wt Dry wt 
Control 85.23 21.44 8.22 20.13 0.0061 0.0010 16.11 23.13 1.22 0.24 0 
UT 60.55 13.22 6.5 6.25 0.0014 0.0006 8.22 15.21 0.69 0.15 5 
Control +FYM 97.44 29.32 12.0 30.12 0.0092 0.0011 18.12 30.14 1.45 0.51 0 
EG 
Sp
ra
y 
93.16 23.22 8.15 25.15 0.0093 0.0011 15.35 26.12 1.30 0.46 0 
OS 93.05 23.13 8.05 24.23 0.0092 0.0011 15.24 25.24 1.28 0.41 0 
CP 91.27 21.25 7.13 23.16 0.0083 0.0011 13.15 22.11 1.26 0.36 0 
DS 90.16 20.26 7.05 21.15 0.0082 0.0010 11.12 20.25 1.23 0.32 0 
EG + UT 
Sp
ra
y 
68.24 15.17 6.14 14.16 0.0056 0.0007 10.12 17.25 0.77 0.25 0 
OS + UT 66.33 14.22 5.06 13.12 0.0055 0.0007 9.44 15.16 0.76 0.23 1 
CP + UT 64.25 13.26 4.21 12.11 0.0043 0.0006 8.24 13.22 0.72 0.23 1 
DS + UT 64.16 13.15 4.12 11.13 0.0037 0.0004 7.24 13.15 0.67 0.21 1 
EG + UT 
Se
ed
+C
oa
tin
g 95.24 28.16 9.63 26.35 0.0104 0.0010 21.27 41.15 1.25 0.62 0 
O S+ UT 94.16 27.12 9.12 26.11 0.0093 0.0010 19.22 38.25 1.22 0.58 0 
C P+ UT 92.36 27.03 8.27 25.12 0.0092 0.0009 18.24 36.21 1.20 0.54 1 
DS+ UT 90.12 24.28 7.27 23.17 0.0090 0.0009 17.12 35.25 1.18 0.50 1 
EG+FYM +UT 
Se
ed
+S
pr
ay
 102.26 32.35 11.11 32.18 0.0115 0.0012 23.34 43.11 1.44 1.01 0 
OS +FYM +UT 101.21 31.26 10.07 31.15 0.0104 0.0011 22.24 32.25 1.40 0.98 0 
CP+ FYM+ UT 101.15 31.12 9.31 30.25 0.0093 0.0010 21.36 28.15 1.38 0.91 0 
DS+ FYM+UT 100.22 30.25 9.15 29.12 0.0082 0.0010 20.28 18.18 1.33 0.89 1 
LSD 5.66 1.76 0.22 1.97 0.0005 0.0004 3.84 2.41 0.07 0.03  
Table 29 - Effect of Biocontrol agents, botanicals and fungicides as seed treatment and spray in combination with FYM on Loose smut 
infection on wheat plant 
Each value is a mean of three replicates 
UT – Ustilago tritici, FYM – Farmyard manure, VI- Vitavax, TH- Trichoderma harzianum,  PF- Pseudomonas fluorescens, EG- Eucalyptus 
globulus,  OS - Ocimum sanctum,  
Treatments 
Shoot  
Length  
(cm) 
Shoot wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
spikelet’s 
/spike 
No. of 
Grain 
/spike 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
 
Spikelets      
scaling 
(0-5) Fresh Dry Fresh Dry 
Control 85.23 21.44 8.22 20.13 0.0061 0.0010 16.11 23.13 1.22 0.24 0 
UT 60.55 13.22 6.5 6.25 0.0014 0.0006 8.22 15.21 0.69 0.15 5 
Control + FYM 97.44 29.32 12.0 30.12 0.0092 0.0011 18.12 30.14 1.45 0.51 0 
VI+TH+ UT 
Se
ed
 +
Sp
ra
y 
110.52 35.15 18.74 36.77 0.0102 0.0054 31.21 55.24 2.28 1.20 0 
VI+PF+ UT 108.53 34.56 17.87 35.11 0.0101 0.0050 30.12 54.32 2.07 1.12 0 
VI+EG+ UT 107.62 32.44 17.56 34.22 0.0098 0.0042 29.22 53.12 2.01 1.10 0 
VI+OS+ UT 105.32 31.21 16.32 33.65 0.0096 0.0042 28.21 52.67 1.72 1.03 0 
TH+VI+ UT 107.24 33.34 15.76 32.61 0.0092 0.0041 24.11 51.04 1.85 1.07 0 
TH+PF+ UT 104.34 29.52 15.21 31.44 0.0091 0.0047 24.15 46.22 1.41 0.91 0 
TH+EG+ UT 103.16 29.44 15.28 31.54 0.0082 0.0037 25.05 47.23 1.40 0.74 0 
TH+OS+ UT 101.22 30.22 13.27 29.12 0.0076 0.0023 23.01 45.21 1.29 0.59 0 
PF+TH+ UT 109.42 34.61 17.32 34.15 0.0101 0.0047 29.45 54.21 2.12 1.15 0 
PF+VI+ UT 107.32 34.42 16.11 34.05 0.0100 0.0046 28.12 54.11 1.91 1.09 0 
PF+EG+ UT 104.18 30.77 15.21 33.64 0.0095 0.0048 25.21 52.15 1.40 0.86 0 
PF+OS+ UT 102.26 30.22 13.42 32.56 0.0097 0.0048 26.21 53.42 1.35 0.66 0 
EG+TH+ UT 107.21 32.55 15.15 31.25 0.0091 0.0041 24.23 51.22 1.78 1.05 0 
EG+PF+ UT 105.33 30.11 15.05 30.45 0.0081 0.0036 23.22 50.54 1.65 1.01 0 
EG+VI+ UT 104.71 29.36 13.66 29.23 0.0080 0.0034 22.42 47.11 1.48 0.96 0 
EG+OS+ UT 103.28 29.28 11.22 30.16 0.0071 0.0030 24.27 50.15 1.38 0.70 0 
OS+TH+ UT 103.46 32.21 15.21 33.26 0.0092 0.0039 26.12 52.17 1.41 0.95 0 
OS+PF+ UT 102.25 32.17 14.53 33.16 0.0083 0.0035 26.16 51.22 1.32 0.62 0 
OS+VI+ UT 101.36 31.25 14.22 31.26 0.0072 0.0033 25.21 50.26 1.28 0.60 0 
OS+EG+ UT 100.22 27.26 12.11 28.11 0.0051 0.0024 21.05 44.32 1.26 0.58 0 
LSD 13.30 8.54 0.82 1.75 0.0055 0.0003 1.65 2.89 0.05 0.02  
 

 
 
 
 
 
 
Table 30B - Number of maize samples infected with pathogenic fungi collected from 
different localities. 
 
 
Localities  
 
Number of 
samples  
 
Colletotrichum 
graminicola    
Aspergillus 
flavus 
 
Bipolaris 
sorokiniana 
Fusarium 
solani 
Khair  
 
10 
 5 3 2 1 
Gabhana  
 
10 
 3 1 1 2 
Atrauli  
 
10 
 5 2 1 2 
Sikandra Rao  
 
10 
 6 5 1 4 
Peepli  
 10 4 6 3 1 
Sasni  
 
10 
 3 4 2 1 
Iglas  
 
10 
 6 7 1 3 
Aligarh  
 
10 
 8 8 2 2 
Total samples 
infected  
 
80 40 37 13 16 
Percentage  
  50% 46% 16% 20% 
Table 31B - Screening of five Maize varieties by blotter method (Observations based on 
200 seeds) 
SN   Maize 
varieties 
Total no of 
seeds 
studied 
Isolated Fungi No of infected 
grain with fungi 
Percentage 
of infection 
 
 
1 
 
 
Vijay 
 
 
200 
A. flavus 76.0 38.5 
A.niger, 38.0 19.2 
F.moniliforme 29.0  12.5 
A. alternata 27.0 14.5  
C. lunata 25.0 13.5 
 
 
2 
 
 
Ganga 
 
 
200 
A. flavus 45.0 22.5 
A.niger,  37.0 18.5 
F.moniliforme 27.0 13.5 
A. alternata 25.0 12.5 
C. lunata 9.0 4.5 
 
 
3 
 
 
Tarun 
 
 
200 
A.niger,  15.0 7.5 
A. flavus 14.0  7.0  
F.moniliforme 11.0 5.5 
A. alternata 11.0 5.5 
D.australiensis, 9.0 4.5 
 
 
4 
 
 
K A 102 
 
 
200 
A. alternata 12.0 6.0 
A. flavus 11.0 5.5 
F.solani 8.0 4.0 
A.niger,  6.0 3.0 
A.niger,  5.0 2.5 
 
 
 
 
5 
 
 
 
 
K H101 
 
 
 
 
200 
A. flavus 167.0 83.5 
F.moniliforme,  122.0 61.01 
A.niger, 105.0 52.5 
A. alternata 102.0 50.0 
C. graminicola 93.0 46.5 
Penicillium spp. 78.0 39.0 
B. sorokiniana,  47.0 23.5 
C.lunata 33.0 20.2 
A. niger – Aspergillus niger, A. flavus - Aspergillus flavus, F. moniliforme - Fusarium 
moniliforme, A. alternata - Alternaria alternata, C. graminicola - Colletotrichum 
graminicola,  B. sorokiniana - Bipolaris sorokiniana, F. solani - Fusarium solani, D. 
australiensis - Drechslera australiensis, P.spp - Penicillium spp  
 
  
Table 32B - Viability and mycoflora of normal and abnormal seeds of Maize variety KH 
101 
Seed type Germination 
(%) 
Associated fungi Seed infections 
(%) 
Incidence of 
fungi (%) 
Normal seeds 
 
 
 
Wrinkled 
seed 
 
 
Entirely 
discoloured 
seed 
 
 
Seed with 
discoloured 
embryo end 
 
 
Seed with 
discoloured 
brush end 
 
   35.0±0.15 
 
 
 
 
18.0±2.1 
 
 
 
 
7.0±5.0 
 
 
 
 
4.2±5.3 
 
 
 
 
4.7±3.1 
A.flavus 
F. moniliforme 
 
 
A.alternata 
F.solani 
A.flavus 
 
 
A.niger 
A.flavus 
D.australiensis 
 
 
A.alternata, 
A.flavus 
A.niger 
F.moniliforme 
 
A.flavus 
Penicillium spp. 
B. sorokiniana  
2.15±0.25 
0.40±0.10 
 
 
22.5±1.50 
32.0±4.50 
36.0±5.50 
 
 
67.5±0.30 
38.0±1.0 
18.40±2.24 
 
 
15.25±0.50 
68.0±1.52 
50.10±0.20 
20.20±1.20 
 
10.25±2.10 
25.0±4.10 
15.4±2.50 
0.70 
 
 
 
 
5.25 
 
 
 
        
       32.6 
 
 
 
 
       45.2 
 
 
 
        
      25.18 
        
Each value is a mean of three replicate 
± S.E. – Standard Error. 
A. flavus - Aspergillus flavus, A. niger – Aspergillus niger, F. moniliforme - Fusarium 
moniliforme, A. alternata - Alternaria alternata, C. graminicola - Colletotrichum 
graminicola,  B. sorokiniana - Bipolaris sorokiniana, F. solani - Fusarium solani, D. 
australiensis - Drechslera australiensis, P.spp - Penicillium spp 
 
  
     Table 33B - Isolation of fungi from maize seeds by three incubation method: Blotter, Agar Plate Method, and Deep freeze Method 
  
 Each value is a mean of three replicate 
*Values are in percent frequency (%) 
 
 NON STERILIZED SEEDS STERILIZED SEEDS 
ISOLATED FUNGI BLOTTER AGAR PALTE DEEP FREEZE BLOTTER AGAR PALTE DEEP FREEZE 
Aspergillus flavus 85.12 72.11 77.11 69.22 35.15 30.33 
Aspergillus niger 75.33 68.22 72.18 66.15 32.33 28.61 
Aspergillus fumigatus 51.22 50.12 58.12 52.11 25.66 22.92 
Alternaria alternata 59.18 57.11 62.15 56.12 27.33 25.32 
Colletotrichum graminicola 68.11 63.15 69.18 61.15 30.33 25.35 
Bipolaris sorokiniana 51.15 46.22 55.16 47.33 23.33 19.36 
Bipolaris maydis 42.11 36.33 47.33 42.16 21.66 19.02 
Fusarium  moniliforme 35.14 30.12 36.15 30.12 20.66 17.28 
Fusarium oxysporum 30.12 27.11 29.23 24.18 17.33 16.41 
Fusarium solani 27.21 21.03 28.16 21.05 16.33 13.13 
Penicillium spp. 22.14 18.15 23.12 19.04 11.66 11.66 
Rhizopus oryzae 18.33 15.03 20.05 18.06 7.12 8.69 
Rhizopus nigricans 15.11 11.06 17.11 15.11 4.06 6.58 
Drechslera australiensis 12.06 0.00 14.12 7.08 3.05 0.00 
Cladosporium herbarum 9.11 0.00 11.05 0.00 0.00 0.00 
Mucor spp. 7.06 0.00 9.05 0.00 0.00 0.00 
Germination % 24% 29% 28% 35% 38% 30% 
LSD at  P<0.05 2.62 2.34 2.65 2.34 3.22 3.08 
Table 34B – Pathogenicity test under laboratory condition of five pathogenic fungi - Maize variety KH 101 
Isolated fungi Total seed used Percentage of Infection No. of seedling emerged Symptoms 
Control 100 22.36 82.48 No  symptoms 
Aspergillus flavus 100 62.76 42.47  Stunted growth 
Aspergillus niger 100 48.37 56.71 Discolouration of seeds and stunted growth of seedling 
Bipolaris sorokiniana 100 36.48 64.14 Rotting of seeds, stunted growth of seedling 
Colletotrichum  graminicola 100 52.41 45.48 Stunted growth, stunted growth of seedling 
Fusarium moniliforme 100 30.38 68.48 Rotting of seeds and stunted growth 
LSD at  P<0.05  3.39 3.59  
Each value is a mean of three replicate 
 
 
Table 35B -Transmission of seed- borne fungi of maize from seeds to germinating seeds and seedlings as determined by test tube seedling test -Maize 
variety KH 101 
              Each value is a mean of three replicate 
 
           
Seed-borne fungi Pre emergence death (%) Post emergence death (%) Total disease development (%) 
 Seed  seedling 
Control 6.3 3.1 5.06 5.0 
A.niger 10.71 12.38 25.17 20.07 
A.flavus 65.71 45.38 44.39 40.11 
B.sorokiniana 15.03 15.71 38.72 30.22 
F.moniliforme 22.71  38.39 28.72 25.22 
C.graminicola 45.38 21.37 12.37 20.11 
LSD at  P<0.05 2.65 2.81 2.48  
 Table 36B – Pathogenicity test of five fungi under pots condition by Seed coating method - Maize variety KH 101 
 
 
Table 37B -Pathogenicity test of five fungi under pots condition by Spore suspension method - Maize variety KH 101 
 
Each value is a mean of three replicate 
A. flavus - Aspergillus flavus, B. sorokiniana - Bipolaris sorokiniana,C. graminicola- Colletotrichum graminicola. F. moniliforme- Fusarium 
moniliforme, A.niger- Aspergillus niger 
 
 
Tested Fungi Pre emergence death (%) Seed          Seedling   
Post emergence 
death (%) Leaf spot 
Seedling     
spot Root spot 
Germination 
(%) 
Disease index 
(0-5) 
Control 5.1 5.6 3.2 0 0 0 67 1 
A.flavus 64.38 72.05 31.71 0 2 0 43 4 
B.sorokiniana 20.39 22.71 18.72 3 0 0 25 2 
C. graminicola 45.03 45.37 25.04 4 2 3 30 4 
F.moniliforme 15.04 13.39 14.04 0 0 2 35 2 
A.niger 13.38 9.71 12.71 1 1 0 40 2 
LSD  at  P<0.05 1.93 2.53 1.27      
Tested Fungi Pre emergence death Seed         Seedling   
Post emergence 
death (%) Leaf spot Seedling spot Root spot 
Germination 
(%) 
Disease index 
(0-5) 
Control 5.1 5.6 3.2 0 0 0 72 1 
A.flavus 18.71 16.38 24.39  0 2 0 26 4 
B.sorokiniana 14.12 13.06 45.22 3 0 0 23 2 
C. graminicola 12.03 12.16 10.37 4 2 3 36 3 
F.moniliforme 6.11 6.12 16.7 0 0 2 42 3 
A.niger 5.12 5.12 8.72 1 1 0 30 1 
LSD  at  P<0.05 0.77 0.95 1.56      
Table 38B - Pathogenicity test of five fungi under pots condition by Inoculam disc method - Maize variety KH 101 
 
                 Table 39B - Pathogenicity test of five fungi in pots under lab condition by Cotton swab method - Maize variety KH 101 
 
Each value is a mean of three replicate 
A. flavus - Aspergillus flavus, B. sorokiniana - Bipolaris sorokiniana,C. graminicola- Colletotrichum graminicola .F. moniliforme- Fusarium 
moniliforme, A.niger- Aspergillus niger 
 
 
Tested Fungi Pre emergence death (%) Seed         Seedling   
Post emergence 
death (%) Leaf spot Seedling spot Root spot 
Germination 
(%) 
Disease index 
(0-5) 
Control 5.1 5.6 3.2 0 0 0 80 1 
A.flavus 36.07 43.71 14.37 0 2 0 32 3 
B.sorokiniana 32.7 30.38 11.22 3 0 0 42 2 
C. graminicola 27.21 15.72 27.38 4 2 3 36 2 
F.moniliforme 24.38 12.71 26.69 0 0 2 30 2 
A.niger 14.36 12.38 11.12 1 2 0 42 2 
LSD  at  P<0.05 1.74 1.63 1.18      
Tested Fungi Pre emergence death (%) 
    Seed               Seedling  
Post emergence 
death (%) 
Leaf spot Seedling spot Root spot Germination 
      (%) 
Disease index 
(0-5) 
Control 6.5 5.1 4.5 0 0 0 80 1 
A.flavus 65.15 42.16 38.16 0 0 0 30 3 
B.sorokiniana 45.12 32.15 35.15 3 3 2 25 4 
C. graminicola 35.16 28.12 26.22 3 2 3 22 2 
F.moniliforme 32.12 25.21 25.11 0 2 2 30 2 
A.niger 18.18 8.12 20.16 1 0 0 32 2 
LSD  at  P<0.05 2.65 1.87 1.83      
                            Table 40B – Effect of different concentration of the fungicides on the mycelial growth of pathogenic fungi by poison food method 
Treatments/ 
Concentrations 
 
A.flavus 
Colony diameter  
(mm) 
B. sorokiniana 
Colony diameter  
(mm) 
F.moniliforme  
Colony diameter  
(mm) 
C.graminicola  
Colony diameter  
(mm) 
100  
ppm 
200  
ppm 
500 
 ppm 
100 
 ppm 
200  
ppm 
500    
ppm 
100 
ppm 
200 
ppm 
500  
ppm 
100  
ppm 
  200         
ppm 
   500  
   ppm 
Control 87.06 87.06 87.06 82.67 82.67 82.67 85.53 85.53 85.53 81.57 81.57 81.57 
Carbendazim 22.85 17.41 15.77 20.98 16.57 13.62 22.61 16.67 15.14 22.47 17.69 12.66 
Benlate  27.99 21.63 15.81 21.57 17.56 14.01 25.57 21.55 18.81 24.73 21.63 16.67 
Mancozeb 28.49 22.37 17.03 24.05 18.77 14.04 29.56 24.61 20.84 29.61 25.22 18.07 
Vitavax 33.57 29.53 25.71 31.53 25.58 16.63 30.46 26.62 21.07 32.85 28.56 21.96 
LSD at P<0.05 2.94 2.80 2.70 2.73 2.56 2.48 2.90 2.76 2.67 2.80 2.67 2.52 
 
Each value is a mean of three replicate 
 
A.flavus   - Aspergillus flavus, B. sorokiniana - Bipolaris sorokiniana, F. moniliforme - Fusarium moniliforme, C. graminicola- Colletotrichum 
graminicola.  
 
 
 
 
 
        Table 41B – Effect of different concentration of the biocontrol agents on the mycelial growth of pathogenic fungi of maize by dual culture method 
Treatments/ 
Concentration 
 
A.flavus 
Colony diameter  
  (mm) 
B. sorokiniana 
Colony diameter  
(mm) 
F.moniliforme               
Colony diameter  
    (mm) 
C.graminicola              
Colony diameter  
 (mm) 
2 mm  3 mm  5 mm  2 mm  3 mm  5 mm  2 mm  3 mm  5 mm  2 mm  3 mm  5 mm  
Control 87.06 87.06 87.06 82.67 82.67 82.67 85.53 85.53 85.53 81.57 81.57 81.57 
T. harzianum 18.78 15.12 10.67 16.92 15.11 12.21 17.07 14.12 13.59 17.66 16.12 14.22 
T. viride 19.07 17.34 11.32 17.89 15.12 12.23 18.33 15.18 14.12 18.04 16.15 15.28 
P. fluoroscens 20.03 18.49 12.54 18.77 16.15 13.22 19.33 15.22 14.18 19.93 18.11 16.11 
B.subtilis 22.54 18.52 14.15 23.04 18.12 14.16 20.18 17.03 15.15 21.03 20.22 18.12 
LSD at P<0.05 2.72 2.66 2.58 2.56 2.51 2.46 2.67 2.60 2.59 2.55 2.53 2.49 
 
Each value is a mean of three replicate 
 
A.flavus   - Aspergillus flavus, B. sorokiniana - Bipolaris sorokiniana, F. moniliforme - Fusarium moniliforme, C. graminicola- Colletotrichum 
graminicola.  
 
 
 
 
              
                    
              Table 42B – Effect of different concentration of the botanicals on the mycelial growth of pathogenic fungi of Maize variety KH 101 
Treatments/ 
Concentration 
 
                  A.flavus         
Colony diameter in 
 (mm) 
B. sorokiniana                       
Colony diameter in 
 (mm) 
   F.moniliforme            
Colony diameter in 
 (mm) 
C.graminicola              
Colony diameter in 
 (mm) 
5% 10% 20% 5% 10% 20% 5% 10% 20% 5% 10% 20% 
Control 87.06 87.06 87.06 82.67 82.67 82.67 85.53 85.53 85.53 81.57 81.57 81.57 
Eucalyptus globulus 21.07 17.01 14.12 16.12 14.21 12.05 14.22 12.12 10.12 15.26 13.16 11.13 
Calotropis procera 21.15 18.11 15.15 18.16 15.06 13.21 15.11 13.04 12.05 16.11 14.05 11.16 
Ocimum sanctum 22.12 19.16 17.18 21.11 19.11 16.11 21.17 18.07 15.16 22.15 15.23 14.12 
Datura stramonium 24.47 21.47 17.77 24.56 20.48 18.81 25.46 21.48 18.07 23.12 19.26 17.07 
Lantana camara 26.44 21.54 19.07 26.47 22.52 20.11 27.65 21.67 19.62 24.36 20.18 17.43 
Euphorbia hirta 27.57 24.22 21.96 27.23 24.92 22.71 29.46 25.72 20.51 26.34 23.28 20.22 
Ricinus communis 30.64 27.29 23.11 30.58 28.59 24.77 30.56 27.39 25.81 28.23 25.33 21.36 
LSD at P<0.05 2.23 2.12 2.23 2.04 1.94 2.04 2.33 2.21 2.33 4.43 2.12 2.23 
 
Each value is a mean of three replicate 
A.flavus   - Aspergillus flavus, B. sorokiniana - Bipolaris sorokiniana, F. moniliforme - Fusarium moniliforme, C. graminicola- Colletotrichum 
graminicola.  
 
 
 
 
             
Table 43B – Effect of fungicide as seed treatment to control the seed- borne infection of Maize (Blotter Method) 
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.F A.N A.A C.G B.S F.M F.S D.A P.SPP. R.N 
 
M.SPP 
 
C.H 
Control 85.23 72.33 65.26 56.66 47.33 38.66 30.33 29.23 26.26 24.13 22.36 18.21 48.0 
Carbendazim 25.22 20.17 16.12 11.06 10.25 8.11 7.12 5.15 4.12 3.11 2.28 2.04 88.0 
Benlate  28.34 24.33 20.12 18.11 18.11 16.17 12.11 10.23 10.05 5.12 4.08 2.11 85.0 
Mancozeb 45.34 35.23 30.15 26.22 23.24 16.22 13.18 11.09 10.12 8.11 4.11 3.12 72.0 
Vitavax 48.28 45.16 42.21 32.38 30.21 27.17 22.33 19.22 15.16 12.33 9.12 5.18 70.0 
LSD at P<0.05 3.28 2.74 2.52 2.05 1.81 1.48 1.19 1.18 0.95 0.84 0.69 0.53  
 
Each value is a mean of three replicate 
A.F- Aspergillus flavus, A.N – Aspergillus niger, A.A- Alternaria alternata, C.G- Colletotrichum graminicola,  B.S- Bipolaris sorokiniana, 
F.M- Fusarium moniliforme, F.S- Fusarium solani, D.A - Drechslera australiensis, P.spp - Penicillium spp, R.N- Rhizopus nigricans, M.spp,- 
Mucor spp, C.H.- Cladosporium herbarum. GER- Germination 
 
 
 
 
Table 44B   – Effect of fungicide as seed treatment to control the seed- borne infection of Maize (Agar Plate Method) 
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.F A.N A.A C.G B.S F.M F.S D.A P.SPP. R.N 
 
M.SPP 
 
C.H 
Control 78.23 70.33 65.26 61.36 57.33 49.16 35.33 32.33 27.16 25.33 21.26 15.41 33.0 
Carbendazim 19.21 16.12 15.11 10.12 9.15 8.05 6.16 5.05 4.09 3.08 2.06 2.02 78.0 
Benlate  25.21 22.16 22.12 17.12 15.21 14.17 12.11 9.21 7.11 4.05 3.02 2.03 81.0 
Mancozeb 42.22 34.18 27.12 24.33 21.26 20.21 14.11 11.08 9.11 6.11 3.11 2.11 68.0 
Vitavax 47.16 46.27 40.23 33.27 29.12 26.22 21.33 19.21 12.11 11.09 9.03 4.12 66.0 
LSD at P<0.05 3.01 2.62 2.53 2.15 2.03 1.74 1.30 1.15 0.91 0.82 0.66 0.47  
 
Each value is a mean of three replicate 
A.F- Aspergillus flavus, A.N – Aspergillus niger, A.A- Alternaria alternata, C.G- Colletotrichum graminicola,  B.S- Bipolaris sorokiniana, 
F.M- Fusarium moniliforme, F.S- Fusarium solani, D.A - Drechslera australiensis, P.spp - Penicillium spp, R.N- Rhizopus nigricans, M.spp,- 
Mucor spp, C.H.- Cladosporium herbarum. GER- Germination 
 
  
   Table 45B – Seed treatment with biocontrol agents against seed- borne infection of Maize (Blotter Method)   
Fungi/ 
Treatments 
Frequency (%) 
GER 
(%) A.F A.N A.A C.G B.S F.M F.S D.A P.spp. R.N 
 
M.spp 
 
C.H 
Control 85.23 72.33 65.26 56.66 47.33 38.66 30.33 29.23 26.26 24.13 22.36 18.21 48.0 
T. harzianum 
 22.28 21.21 20.18 18.22 15.12 10.09 8.11 8.02 5.05 3.12 0 0 84.0 
P. fluorescens  25.23 22.29 20.32 20.16 17.12 12.11 10.21 8.11 6.09 4.02 2.05 0 82.0  
     T.viride 
 26.23 24.21 21.32 20.22 17.29 15.33 11.26 10.16 7.12 5.11 2.05 2.01 76.0 
B. subtilis 
 28.22 25.18 22.33 22.21 20.12 19.22 15.18 12.11 9.11 6.12 2.08 1.11 74.0 
LSD at P<0.05 2.85 2.44 2.19 1.93 1.66 1.38 1.09 1.03 0.85 0.75 0.62 0.50  
    
Each value is a mean of three replicate 
A.F- Aspergillus flavus, A.N – Aspergillus niger, A.A- Alternaria alternata, C.G- Colletotrichum graminicola,  B.S- Bipolaris sorokiniana, 
F.M- Fusarium moniliforme, F.S- Fusarium solani, D.A - Drechslera australiensis, P.spp - Penicillium spp, R.N- Rhizopus nigricans, M.spp,- 
Mucor spp, C.H.- Cladosporium herbarum. GER- Germination 
 
 
 
 
                                Table 46B – Seed treatment with biocontrol agents against seed- borne infection of Maize (Agar Plate Method)      
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.F A.N A.A C.G B.S F.M F.S D.A P.spp R.N 
 
M.spp 
 
C.H 
Control 78.23 70.33 65.26 61.36 57.33 49.16 35.33 32.33 27.16 25.33 21.26 15.41 33.0 
T.harzianum 
 23.21 20.18 18.12 16.16 14.21 11.16 9.19 6.12 5.13 3.05 0 0 75.0 
P.fluorescens 
 24.23 22.11 19.17 15.24 13.18 11.27 9.27 6.11 5.15 3.08 2.11 0 73.0 
T.viride 
 26.34 22.15 19.23 16.21 15.22 12.22 10.12 6.16 5.15 3.09 2.13 1.07 72.0 
B.subtilis 
 27.15 23.22 19.85 17.18 16.29 12.25 10.18 8.11 6.11 3.11 2.18 2.09 68.0 
LSD at P<0.05 2.63 2.42 2.25 4.32 1.98 1.86 1.42 2.34 1.06 1.01 0.60 0.46  
              
Each value is a mean of three replicate 
A.F- Aspergillus flavus, A.N – Aspergillus niger, A.A- Alternaria alternata, C.G- Colletotrichum graminicola,  B.S- Bipolaris sorokiniana, 
F.M- Fusarium moniliforme, F.S- Fusarium solani, D.A - Drechslera australiensis, P.spp - Penicillium spp, R.N- Rhizopus nigricans, M.spp,- 
Mucor spp, C.H.- Cladosporium herbarum. GER- Germination 
 
 
 
 
                               Table 47B – Effect of botanicals as seed treatment to control the seed- borne infection of Maize (Blotter Method)      
Fungi/ 
Treatments 
Frequency (%) 
GER (%) 
A.F A.N A.A C.G B.S F.M F.S D.A P. SPP. R.N 
 
M.SPP 
 
C.H 
Control 85.23 72.33 65.26 56.66 47.33 38.66 30.33 29.23 26.26 24.13 22.36 18.21 48.0 
Eucalyptus 
globulus 24.36 20.34 16.12 14.23 12.17 10.16 
 
5.24 
 
9.13 3.29 2.13 2.04 1.05 75.0 
Calotropis procera 27.36 23.34 18.12 15.33 11.17 8.26 9.24 4.13 7.19  5.13 4.04 2.11 72.0 
Ocimum sanctum 28.12 26.23 24.21 22.27 20.17 17.24 14.25 11.27 9.25 7.11 4.12 3.13 66.0 
Datura stramonium 32.33 29.22 26.19 23.01 20.14 18.11 15.12 12.16 10.13 7.12 5.15 3.15 57.0 
Lantana camara 33.24 31.08 26.29 23.21 21.16 19.18 15.22 13.16 11.09 7.21 5.17 3.16 53.0 
Euphorbia hirta 35.03 31.16 29.66 24.03 23.12 20.21 16.18 13.21 11.12 8.29 7.16 5.15 45.0 
Ricinus communis 38.23 33.31 30.24 27.21 23.33 22.28 19.53 17.34 14.32 10.78 10.57 7.94 33.0 
LSD at P<0.05 2.57 2.22 2.32 1.70 1.49 1.29 1.02 0.94 0.80 0.68 0.57 0.45  
Each value is a mean of three replicate 
A.F- Aspergillus flavus, A.N – Aspergillus niger, A.A- Alternaria alternata, C.G- Colletotrichum graminicola,  B.S- Bipolaris sorokiniana, 
F.M- Fusarium moniliforme, F.S- Fusarium solani, D.A - Drechslera australiensis, P.spp - Penicillium spp, R.N- Rhizopus nigricans, M.spp,- 
Mucor spp, C.H.- Cladosporium herbarum. GER- Germination 
                            Table 48B – Effect of botanicals as seed treatment to control the seed-borne infection of Maize (Agar Plate Method)      
Fungi/ 
Treatments 
Frequency (%) 
GER 
(%) A.F A.N A.A C.G B.S F.M F.S D.A P. spp. R.N 
 
M.spp 
 
C.H 
Control 78.23 70.33 65.26 61.36 57.33 49.16 35.33 32.33 27.16 25.33 21.26 15.41 33.0 
Eucalyptus globulus 22.36 18.14 15.12 11.23 9.17 6.16 4.14 3.17 3.09 2.13 2.15 0 71.0 
Calotropis procera 23.33 20.27 17.16 13.12 11.14 10.24 8.32 6.16 5.28 4.12 3.09 1.25 65.0 
Ocimum sanctum 24.36 21.16 20.07 16.22 13.23 11.17 10.23 8.14 5.19 4.14 3.11 1.25 62.0 
Datura stramonium 27.15 24.21 23.19 17.29 14.49 13.01 10.33 9.23 7.12 4.19 3.12 2.09 56.0 
Lantana camara 30.22 26.29 23.19 20.31  17.33 13.16 11.23 9.23 7.15 4.24  4.09 2.11 52.0 
Euphorbia hirta 32.29 28.15 23.28 21.18 18.19 14.21 11.24 9.24 7.17 5.11 3.11 2.05 42.0 
Ricinus communis 34.25 31.35 27.69 24.22 19.29 15.27 13.11 10.22 7.42 5.12 3.15 2.05 35.0 
LSD at P<0.05 2.33 2.11 1.95 1.69 1.47 1.26 0.94 0.84 0.71 0.63 0.49 0.35  
Each value is a mean of three replicate 
A.F- Aspergillus flavus, A.N – Aspergillus niger, A.A- Alternaria alternata, C.G- Colletotrichum graminicola,  B.S- Bipolaris sorokiniana, 
F.M- Fusarium moniliforme, F.S- Fusarium solani, D.A - Drechslera australiensis, P.spp - Penicillium spp, R.N- Rhizopus nigricans, M.spp,- 
Mucor spp, C.H.- Cladosporium herbarum. GER- Germination 
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Table 49B – Effect of different level of inoculums of Colletotrichum graminicola on plant growth parameters of maize plant 
Each value is a mean of three replicates 
 
 
  
Treatments 
Shoot  
Length 
(cm 
Shoot  wt (g) Root 
 Length  
(cm 
Root wt (g) 
No of 
cobs/plant 
Grain 
yield 
Chlorophyll 
(mg/g) 
Carotenoid 
(mg/g) 
 
Leaf  
Scaling  
(0-5) 
Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 413.23 3.50 0.98 0 
Initial inoculums level 1 170.11 92.16 47.11 27.16 0.0095 0.0032 2.00 365.09 2.16 0.86 2 
Initial inoculums level 2 167.26 81.11 45.12 26.12 0.0072 0.0032 1.66 324.12 2.00 0.75 3 
Initial inoculums level 3 135.61 78.18 30.16 22.14 0.0042 0.0013 1.00 303.05 1.21 0.25 5 
Initial inoculums level 4 132.17 72.12 28.22 20.11 0.0041 0.0012 1.00 301.23 1.18 0.20 4 
Initial inoculums level 5 130.12 70.12 26.12 19.15 0.0041 0.0011 1.00 300.21 1.15 0.18 3 
LSD at P<0.05 7.06 5.31 4.08 1.97 0.0005 0.0005 0.04 7.48 0.03 0.03  
  
 
 Table 50B– Effect of different level of inoculums of Aspergillus flavus on plant growth parameters of maize plant 
Each value is a mean of three replicates 
  
Treatments 
Shoot  
Length 
(cm) 
Shoot  wt (g) Root 
 Length  
(cm) 
Root wt (g) 
No of 
cobs/plant 
Grain 
yield 
Chlorophyll 
(mg/g) 
Carotenoid 
(mg/g) 
 
Seed 
Scaling  
(0-5) 
Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 413.23 3.50 0.98 0 
Initial inoculums level 1 168.41 101.03 50.21 28.11 0.0092 0.0041 2.00 365.11 2.26 0.78 2 
Initial inoculums level 2 160.21 99.12 48.16 26.16 0.0071 0.0031 1.33 346.21 2.00 0.67 3 
Initial inoculums level 3 132.36 76.21 32.15 20.32 0.0044 0.0014 1.00 318.21 1.28 0.29 5 
Initial inoculums level 4 130.21 73.61 30.11 18.12 0.0041 0.0012 1.00 315.18 1.22 0.21 4 
Initial inoculums level 5 128.15 71.22 28.21 17.16 0.0034 0.0013 1.00 312.16 1.17 0.16 3 
LSD at P<0.05 7.08 7.01 2.39 2.38 0.0005 0.0005 0.04 8.97 0.03 0.03  
 Table 51B - Effect of Biocontrol agents alone or in combination with FYM on Anthracnose leaf blight infection on Maize plant 
 Each value is a mean of three  replicates 
CG – Colletotrichum graminicola, FYM – Farmyard manure, TH- Trichoderma harzianum, TV- Trichoderma viride , PF- Pseudomonas 
fluorescens , BS - Bacillus subtilis 
Treatments 
Shoot  
Length  
(cm) 
Shoot  wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
cob’s 
/plant 
Grain 
 yield 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
Leaf  
Scaling  
(0-5) 
Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 419.23 3.50 0.98 0 
 CG 135.61 78.18 30.16 18.14 0.0042 0.0013 1.00 133.05 1.21 0.25 5 
Control + FYM 200.36 145.06 66.42 40.15 0.0133 0.0061 2.00 440.31 3.72 1.11 0 
TH 
Sp
ra
y 
196.22 140.16 61.24 38.15 0.0112 0.0052 2.00 432.42 3.75 1.15 0 
TV 194.34 137.25 58.14 36.26 0.0103 0.0051 2.00 427.16 3.69 1.12 0 
PF 191.41 133.16 56.19 34.52 0.0093 0.0041 2.00 420.21 3.50 1.09 1 
BS 190.16 130.22 54.33 33.11 0.0091 0.0032 2.00 415.18 3.48 1.07 0 
TH+ CG 
Sp
ra
y 
155.43 90.12 45.33 24.16 0.0085 0.0023 1.66 361.12 2.68 0.96 2 
TV+ CG 153.56 87.11 43.26 22.25 0.0074 0.0020 1.66 350.43 2.57 0.91 2 
PF+ CG 151.42 85.06 40.27 20.51 0.0062 0.0012 1.66 343.32 2.46 0.87 3 
BS+ CG 148.32 83.14 37.45 18.22 0.0052 0.0011 1.33 338.18 2.38 0.78 3 
TH+ CG 
Se
ed
 c
oa
tin
g 202.33 147.36 64.38 41.22 0.0141 0.0065 2.66 413.26 3.52 1.05 1 
TV+ CG 201.64 147.31 64.22 40.32 0.0140 0.0063 2.33 408.12 3.41 1.03 2 
PF+ CG 201.33 146.21 62.46 40.16 0.0137 0.0062 2.33 396.06 3.28 1.01 1 
BS+ CG 196.23 140.61 60.32 37.32 0.0125 0.0053 2.33 380.16 3.22 0.99 1 
TH +FYM+ CG 
Sp
ra
y+
 se
ed
 206.31 150.72 70.24 44.26 0.0172 0.0072 2.66 465.42 4.15 1.21 0 
TV +FYM+ CG 203.26 147.21 67.12 42.11 0.0163 0.0073 2.33 458.33 4.06 1.18 0 
PF +FYM+ CG 200.42 145.23 65.44 41.06 0.0145 0.0068 2.66 452.16 3.97 1.12 0 
BS +FYM+ CG 198.14 143.42 62.33 40.11 0.0137 0.0054 2.33 448.12 3.61 1.07 1 
LSD 8.76 4.78 3.92 4.55 0.0004 0.0005 0.05 5.18 0.02 0.02  
   Table 52B - Effect of fungicides alone or in combination with FYM on Anthracnose leaf blight infection on Maize plant 
 
Each value is a mean of three replicates  
CG – Colletotrichum graminicola ,  FYM – Farmyard  manure,   CA- Carbendazim, MA- Mancozeb, BE- Banlate, VI- Vitavax, 
Treatments 
Shoot  
Length  
(cm) 
Shoot  wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
cob’s 
/plant 
Grain 
 yield 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
Leaf  
Scaling  
(0-5) 
Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 419.23 3.50 0.98 0 
 CG 135.61 78.18 30.16 18.14 0.0042 0.0013 1.00 133.05 1.21 0.25 5 
Control + FYM 200.36 145.06 66.32 42.25 0.0133 0.0061 2.00 440.31 3.72 1.11 0 
CA 
Sp
ra
y 
201.25 143.21 65.24 41.15 0.0131 0.0054 2.33 447.32 3.66 1.13 0 
BE 197.22 141.32 63.21 39.16 0.0111 0.0043 2.00 439.26 3.57 1.11 0 
MA 195.26 140.34 62.29 37.22 0.0103 0.0032 2.00 432.27 3.49 1.06 1 
VI 193.25 138.22 60.64 36.18 0.0101 0.0031 2.00 430.16 3.31 1.03 0 
CA + CG 
Sp
ra
y 
160.22 89.24 43.33 25.26 0.0070 0.0022 2.00 378.18 2.55 0.91 2 
BE+ CG 157.16 87.22 42.26 23.25 0.0051 0.0021 1.33 367.33 2.42 0.86 2 
MA+ CG 156.36 85.11 40.27 23.11 0.0051 0.0017 1.33 355.22 2.31 0.81 3 
VI  + CG 153.28 83.33 35.42 21.22 0.0046 0.0011 1.33 351.28 2.28 0.78 3 
CA  + CG 
Se
ed
 c
oa
tin
g 206.11 151.16 67.18 43.32 0.0153 0.0062 2.66 435.26 3.42 1.02 1 
BE+ CG 204.15 148.33 65.22 41.12 0.0141 0.0052 2.33 427.11 3.35 1.01 2 
MA + CG 203.21 145.12 63.16 41.06 0.0133 0.0042 2.00 328.16 3.28 0.93 1 
VI  + CG 199.13 142.61 61.32 38.26 0.0112 0.0032 1.33 322.12 3.18 0.84 1 
CA +FYM+ CG 
Sp
ra
y 
+ 
se
ed
 207.31 153.23 69.34 44.24 0.0163 0.0071 2.66 497.32 4.09 1.19 0 
BE +FYM + CG 204.26 150.21 66.22 43.41 0.0153 0.0063 2.66 485.23 4.03 1.15 0 
MA +FYM + CG 202.12 147.31 64.24 42.36 0.0133 0.0053 2.33 481.15 3.88 1.09 0 
VI  +FYM + CG 201.16 144.16 62.33 40.11 0.0121 0.0051 2.00 472.22 3.57 1.05 1 
LSD 8.19 4.36 3.39 2.01 0.0005 0.0006 0.04 2.05 0.02 0.02  
Table 53B - Effect of botanicals alone or in combination with FYM on Anthracnose leaf blight infection on Maize plant 
Each value is a mean of three  replicates        
CG – Colletotrichum graminicola   FYM – Farmyard  manure, EG - Eucalyptus globulus, OS - Ocimum sanctum,  CP - Calotropis procera,  DS - 
Dhatura stramonium,  
Treatments 
Shoot  
Length  
(cm) 
Shoot wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
cob’s 
/plant 
Grain 
 yield 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
Leaf  
Scaling  
(0-5) 
Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 419.23 3.50 0.98 0 
CG 135.61 78.18 30.16 18.14 0.0042 0.0013 1.00 133.05 1.21 0.25 5 
Control + FYM 200.36 145.06 66.42 40.15 0.0133 0.0061 2.00 440.31 3.72 1.11 0 
EG 
Sp
ra
y 
194.26 136.27 60.24 37.22 0.0113 0.0042 2.00 429.22 3.64 1.08 0 
OS 192.25 133.21 58.12 35.16 0.0102 0.0041 2.00 427.15 3.51 1.04 0 
CP 189.16 131.13 56.25 33.22 0.0072 0.0031 2.00 418.12 3.42 1.03 1 
DS 185.33 129.25 54.11 31.25 0.0062 0.0022 2.00 415.15 3.32 1.01 0 
EG+ CG 
Sp
ra
y 
153.21 85.26 40.23 24.12 0.0072 0.0023 1.33 353.16 2.52 0.89 2 
OS + CG 150.16 83.21 38.21 22.18 0.0062 0.0022 1.00 346.24 2.49 0.81 2 
CP + CG 149.12 83.06 38.12 21.41 0.0062 0.0012 1.00 335.22 2.43 0.77 3 
DS  + CG 147.12 81.28 37.16 20.12 0.0051 0.0005 1.00 328.21 2.38 0.71 3 
EG + CG 
Se
ed
 c
oa
tin
g 200.11 142.13 62.33 41.32 0.0142 0.0053 2.33 415.25 3.36 1.01 1 
OS + CG 198.25 140.22 60.32 39.36 0.0132 0.0052 1.66 411.15 3.25 0.97 2 
CP + CG 195.25 136.21 58.16 37.22 0.0122 0.0042 1.66 396.14 3.20 0.91 1 
DS + CG 193.26 133.11 57.22 35.21 0.0112 0.0033 1.33 382.22 3.18 0.85 1 
EG +FYM + CG 
Sp
ra
y 
+ 
se
ed
 204.41 148.62 66.55 42.16 0.0163 0.0071 2.66 455.32 4.01 1.12 0 
OS +FYM + CG 202.16 146.51 66.52 40.31 0.0162 0.0062 2.33 445.25 3.91 1.09 0 
CP+ FYM+ CG 199.12 144.25 63.21 39.16 0.0153 0.0062 2.33 438.15 3.88 1.05 0 
DS+ FYM+ CG 197.11 142.32 61.43 38.32 0.0132 0.0053 2.00 432.12 3.62 1.04 1 
LSD 10.7 6.27 4.54 4.40 0.0006 0.0004 0.04 6.29 0.02 0.02  
Table 54B - Effect of combined, followed application of Biocontrol agents, botanicals and fungicides on Anthracnose leaf blight 
infection on Maize plant 
Each value is a mean of three replicates 
CG – Colletotrichum graminicola   , FYM – Farmyard manure, TH-  Trichoderma harzianum ,  PF- Pseudomonas fluorescens , CA- Carbendazim, EG- 
Eucalyptus globulus, OS - Ocimum sanctum    
Treatments 
Shoot  
Length  
(cm) 
Shoot wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
spikelet’s 
/spike 
Grain 
 yield 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
Leaf  
Scaling  
(0-5) 
Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 419.23 3.50 0.98 0 
CG 135.61 78.18 30.16 18.14 0.0042 0.0013 1.00 133.05 1.21 0.25 5 
Control + FYM 200.36 145.06 66.42 40.15 0.0133 0.0061 2.00 440.31 3.72 1.11 0 
CA+TH+ CG 
Se
ed
 +
 S
pr
ay
 
215.18 165.15 80.14 51.22 0.0231 0.0124 3.33 467.22 5.04 1.35 0 
CA+PF+ CG 211.20 161.12 76.33 48.32 0.0203 0.0102 2.66 447.23 4.75 1.23 0 
CA+EG+ CG 210.34 160.22 75.11 48.16 0.0212 0.0110 1.66 432.12 4.68 1.20 0 
CA+OS+ CG 210.32 160.33 76.28 47.22 0.0202 0.0095 2.00 450.21 4.49 1.18 0 
TH+CA+ CG 213.22 162.20 77.22 49.36 0.0213 0.0112 2.66 452.16 5.02 1.31 0 
TH+PF+ CG 209.22 158.21 74.16 45.15 0.0182 0.0074 2.66 433.15 4.38 1.16 0 
TH+EG+ CG 208.24 156.11 72.16 46.16 0.0192 0.0092 2.00 421.28 4.26 1.13 0 
TH+OS+ CG 204.21 154.28 68.26 42.12 0.0152 0.0062 2.33 418.25 3.66 0.99 0 
PF+TH+ CG 208.15 157.15 74.21 45.42 0.0183 0.0083 2.66 450.18 4.20 1.11 0 
PF+CA+ CG 212.42 162.24 77.17 50.34 0.0224 0.0123 2.33 435.21 4.98 1.27 0 
PF+EG+ CG 207.16 158.11 73.26 45.25 0.0194 0.0093 2.00 421.26 4.16 1.05 0 
PF+OS+ CG 206.14 153.24 68.21 44.36 0.0173 0.0083 1.66 418.12 4.05 1.01 0 
EG+TH+ CG 207.26 156.26 71.37 44.31 0.0171 0.0072 2.00 421.18 4.12 1.09 0 
EG+PF+ CG 205.33 155.18 70.32 43.21 0.0172 0.0074 2.00 420.23 3.97 0.97 0 
EG+CA+ CG 206.28 153.17 70.21 45.15 0.0191 0.0081 2.33 426.26 4.06 1.03 0 
EG+OS+ CG 203.22 153.21 69.25 42.16 0.0162 0.0072 1.66 416.26 3.52 0.98 0 
OS+TH+ CG 201.21 147.11 64.32 40.31 0.0142 0.0062 2.00 425.15 3.32 0.84 0 
OS+PF+ CG 203.15 150.25 68.21 43.26 0.0162 0.0063 2.00 419.12 3.44 0.87 0 
OS+CA+ CG 199.31 145.28 64.36 39.22 0.0132 0.0042 1.66 355.12 3.21 0.81 0 
OS+EG+ CG 197.18 142.25 62.15 37.26 0.0123 0.0032 1.33 318.19 3.18 0.79 1 
LSD 11.8 5.19 4.54 4.31 0.0006 0.0004 0.05 8.66 0.03 0.02  
Table 55B - Effect of Biocontrol agents alone or in combination with FYM on Aspergillus ear rot infection on Maize plant 
 
Each value is a mean of three  replicates 
AF – Aspergillus flavus, FYM – Farmyard manure, TH-  Trichoderma harzianum   , TV- Trichoderma viride ,  PF- Pseudomonas fluorescens ,   
BS - Bacillus subtilis  
Treatments 
Shoot  
Length  
(cm) 
Shoot wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
cob’s 
/plant 
Grain 
 yield 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
  
Cob 
infection 
Scaling   
(0-5) 
Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 419.23 3.50 0.98 0 
AF 132.36 76.21 32.15 20.32 0.0044 0.0014 1.00 108.21 1.28 0.29 5 
Control + FYM 200.36 145.06 66.42 40.15 0.0133 0.0061 2.00 440.31 3.72 1.11 0 
TH 
Sp
ra
y 
198.42 142.06 65.34 39.11 0.0124 0.0053 2.33 437.42 3.79 1.17 0 
TV 196.36 138.15 62.11 37.76 0.0113 0.0042 2.00 425.16 3.72 1.14 0 
PF 193.45 133.26 61.29 37.42 0.0102 0.0041 2.00 416.21 3.56 1.09 1 
BS 191.26 131.42 61.29 35.11 0.0094 0.0031 2.00 405.18 3.50 1.08 0 
TH+ AF 
Sp
ra
y 
158.43 91.16 45.23 26.26 0.0082 0.0022 1.66 365.12 2.70 0.91 2 
TV+ AF 156.56 89.11 42.16 24.15 0.0072 0.0021 1.66 349.43 2.59 0.89 2 
PF+ AF 153.42 89.06 42.57 23.61 0.0061 0.0020 1.66 342.32 2.49 0.81 3 
BS+ AF 150.32 86.54 41.42 23.32 0.0052 0.0016 1.33 335.18 2.42 0.78 3 
TH+ AF 
Se
ed
 c
oa
tin
g 203.41 147.36 65.28 41.42 0.0142 0.0063 2.33 416.26 3.57 1.07 1 
TV+ AF 201.35 145.31 64.42 40.52 0.0134 0.0062 2.00 408.12 3.48 1.05 2 
PF+ AF 200.15 143.21 64.26 40.16 0.0133 0.0053 2.33 398.06 3.32 1.02 1 
BS+ AF 197.23 141.61 63.52 38.21 0.0131 0.0053 2.00 382.16 3.27 0.98 1 
TH +FYM+ AF 
Sp
ra
y 
+ 
se
ed
 205.41 151.72 69.44 43.36 0.0171 0.0073 2.66 462.42 4.18 1.25 0 
TV +FYM+ AF 203.16 147.61 67.32 42.21 0.0164 0.0064 2.00 475.33 4.09 1.20 0 
PF +FYM+ AF 201.42 146.23 65.24 42.06 0.0155 0.0054 2.33 482.16 4.04 1.16 0 
BS +FYM+ AF 199.14 144.42 64.83 40.21 0.0140 0.0054 2.00 498.12 3.71 1.09 1 
LSD 9.05 5.08 3.30 3.69 0.0004 0.0007 0.03 5.42 0.02 0.02  
Table 56B - Effect of fungicides alone or in combination with FYM on Aspergillus ear rot infection on Maize plant 
Each value is a mean of three replicates    
AF – Aspergillus flavus, FYM – Farmyard manure,   CA- Carbendazim,   MA- Mancozeb, BE- Banlate, VI- Vitavax 
 
Treatments 
Shoot  
Length  
(cm) 
Shoot  wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
cob’s 
/plant 
Grain 
 yield 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
 
Cob 
infection   
Scaling  
(0-5) 
Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 419.23 3.50 0.98 0 
AF 132.36 76.21 32.15 20.32 0.0044 0.0014 1.00 108.21 1.28 0.29 5 
Control + FYM 200.36 145.06 66.42 40.15 0.0133 0.0061 2.00 440.31 3.72 1.11 0 
CA 
Sp
ra
y 
201.15 143.11 65.14 41.05 0.0132 0.0053 2.00 442.42 3.69 1.15 0 
MA 199.42 142.42 63.15 39.26 0.0113 0.0042 2.00 435.16 3.61 1.12 0 
BE 197.36 140.24 62.19 38.42 0.0112 0.0041 2.00 422.21 3.52 1.08 1 
VI 195.21 137.42 60.29 38.11 0.0104 0.0021 2.00 425.18 3.35 1.05 0 
CA  +AF 
Sp
ra
y 
163.12 90.14 44.23 26.56 0.0081 0.0022 1.66 372.12 2.59 0.95 2 
MA + AF 161.26 89.32 42.16 26.15 0.0072 0.0021 1.66 353.43 2.47 0.89 2 
BE + AF 157.46 88.21 41.57 25.21 0.0071 0.0012 1.66 347.32 2.36 0.83 3 
VI + AF 154.28 86.23 39.42 23.32 0.0056 0.0010 1.33 341.18 2.30 0.80 3 
CA + AF 
Se
ed
 c
oa
tin
g 205.16 150.46 66.28 42.42 0.0151 0.0063 2.33 426.26 3.47 1.04 1 
MA + AF 203.12 147.33 64.42 41.22 0.0134 0.0052 2.33 415.12 3.39 1.02 2 
BE + AF 200.25 143.12 63.26 40.56 0.0123 0.0033 2.00 318.06 3.34 0.97 1 
VI + AT 196.23 140.61 61.52 37.21 0.0111 0.0033 2.00 312.16 3.21 0.89 1 
CA +FYM+ AF 
Sp
ra
y 
+ 
se
ed
 208.21 152.13 69.44 44.54 0.0176 0.0065 2.66 492.42 4.11 1.21 0 
MA +FYM +AF 206.16 151.61 67.32 42.41 0.0164 0.0064 2.33 481.33 4.05 1.18 0 
BE +FYM + AF 205.32 150.11 66.64 41.26 0.0142 0.0052 2.33 475.16 3.92 1.11 0 
VI +FYM + AF 203.66 148.26 65.33 41.21 0.0130 0.0052 2.00 468.12 3.66 1.08 1 
LSD 6.99 5.28 3.69 1.97 0.0007 0.0005 0.04 7.46 0.02 0.02  
Table 57B - Effect of Botanicals alone or in combination with FYM on Aspergillus ear rot infection on Maize plant 
 
Each value is a mean of three replicates 
AF – Aspergillus flavus, FYM – Farmyard manure EG - Eucalyptus globulus, OS - Ocimum sanctum,  CP - Calotropis procera,  DS - Dhatura 
stramonium, ,  
Treatments 
Shoot  
Length  
(cm) 
Shoot  wt (g) Root 
 Length  
(cm) 
Root wt (mg) No. of 
cob’s 
/plant 
Grain 
 yield 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
Cob 
infection    
Scaling  
(0-5) Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 419.23 3.50 0.98 0 
 AF 132.36 76.21 32.15 20.32 0.0044 0.0014 1.00 108.21 1.28 0.29 5 
Control + FYM 200.36 145.06 66.42 40.15 0.0133 0.0061 2.00 440.31 3.72 1.11 0 
EG 
Sp
ra
y 
196.42 138.26 61.34 37.12 0.0113 0.0042 2.00 426.32 3.62 1.06 0 
OS 194.36 134.11 59.11 37.06 0.0102 0.0040 2.00 420.16 3.53 1.04 0 
CP 191.45 131.23 61.29 35.42 0.0091 0.0032 2.00 416.11 3.47 1.01 1 
DS 188.26 128.45 60.21 33.21 0.0082 0.0023 2.00 411.18 3.35 0.93 0 
EG + AF 
Sp
ra
y 
153.43 84.21 41.23 24.22 0.0072 0.0021 1.66 355.13 2.48 0.85 2 
OS + AF 151.56 83.11 40.26 21.15 0.0052 0.0016 1.66 345.23 2.43 0.79 2 
CP + AF 149.42 83.06 40.17 21.61 0.0051 0.0002 1.33 332.28 2.40 0.73 3 
DS + AF 148.32 82.58 37.46 21.32 0.0043 0.0001 1.00 325.22 2.35 0.68 3 
EG + AF 
Se
ed
 c
oa
tin
g 199.41 142.23 64.28 40.32 0.0142 0.0062 2.00 411.26 3.31 1.02 1 
OS + AF 196.35 140.32 63.42 38.56 0.0132 0.0053 1.66 408.12 3.21 0.95 2 
CP + AF 193.35 135.21 61.26 37.32 0.0133 0.0053 2.00 390.16 3.17 0.89 1 
DS + CG 193.23 133.61 60.52 37.11 0.0123 0.0043 2.00 372.26 3.16 0.81 1 
EG +FYM +  AF 
Sp
ra
y 
+ 
se
ed
 203.41 147.72 67.44 41.36 0.0162 0.0072 2.33 452.38 4.03 1.11 0 
OS +FYM +  AF 201.16 146.61 67.22 40.21 0.0162 0.0063 2.00 445.33 3.96 1.09 0 
CP+ FYM+  AF 198.42 143.23 65.24 38.06 0.0144 0.0062 2.00 432.18 3.89 1.07 0 
DS+ FYM+  AF 196.14 141.42 64.43 36.22 0.0121 0.0054 1.33 428.15 3.67 1.05 1 
LSD 10.90 5.85 2.52 3.29 0.0005 0.0005 0.04 8.10 0.03 0.03  
Table 58B - Effect of combined, followed application of Biocontrol agents, botanicals and fungicides on Aspergillus ear rot 
infection on Maize plant 
Each value is a mean of three replicates  
AF – Aspergillus flavus, FYM – Farmyard manure, TH- Trichoderma harzianum ,  PF- Pseudomonas fluorescens , CA- Carbendazim, EG- Eucalyptus globulus, 
OS - Ocimum sanctum    
Treatments 
Shoot  
Length  
(cm) 
Shoot wt (g) Root 
 Length  
(cm) 
Root wt (g) No. of 
spikelet’s 
/spike 
Grain 
 yield 
Chlorophyll  
(mg/g) 
Carotenoid  
(mg/g) 
Cob 
infection    
Scaling  
(0-5) Fresh Dry Fresh Dry 
Control 172.24 103.11 52.36 31.21 0.0103 0.0042 2.00 419.23 3.50 0.98 0 
 AF 132.36 76.21 32.15 20.32 0.0044 0.0014 1.00 108.21 1.28 0.29 5 
Control + FYM 200.36 145.06 66.42 40.15 0.0133 0.0061 2.00 440.31 3.72 1.11 0 
CA+TH+ AF 
Se
ed
 +
 S
pr
ay
 
212.15 162.11 77.24 49.42 0.0222 0.0115 3.33 460.22 5.11 1.37 0 
CA+PF+ AF 207.32 157.43 74.27 46.42 0.0183 0.0083 2.33 450.11 4.81 1.26 0 
CA+EG+ AF 205.25 156.25 74.11 44.56 0.0175 0.0082 2.33 448.18 4.72 1.23 0 
CA+OS+ AF 204.34 151.72 66.36 42.26 0.0152 0.0070 2.00 432.36 4.53 1.20 0 
TH+CA+ AF 211.32 160.23 76.25 49.24 0.0212 0.0112 2.00 433.26 5.05 1.35 0 
TH+PF+ AF 209.22 157.11 73.43 48.32 0.0201 0.0101 2.66 442.13 4.42 1.18 0 
TH+EG+ AF 208.24 158.32 75.21 47.36 0.0201 0.0093 1.66 430.12 4.29 1.15 0 
TH+OS+ AF 204.21 154.25 71.15 44.16 0.0160 0.0063 1.66 331.18 3.69 0.99 0 
PF+TH+ AF 210.21 159.22 75.21 48.56 0.0202 0.0103 2.33 450.26 4.25 1.13 0 
PF+CA+ AF 203.31 153.18 71.36 43.22 0.0161 0.0063 2.00 408.22 4.99 1.29 0 
PF+EG+ AF 206.33 155.11 71.42 44.31 0.0171 0.0074 2.00 425.33 4.19 1.07 0 
PF+OS+ AF 202.33 150.61 68.22 43.15 0.0161 0.0072 2.00 410.26 4.15 1.05 0 
EG+TH+ AF 207.34 157.01 73.26 46.26 0.0172 0.0080 1.66 420.38 4.17 1.11 0 
EG+PF+ AF 205.12 152.11 69.43 43.62 0.0165 0.0065 1.66 382.13 3.99 0.98 0 
EG+CA+ AF 207.21 155.25 72.26 46.25 0.0181 0.0076 2.00 423.23 4.09 1.05 0 
EG+OS+ AF 202.21 149.15 67.56 41.05 0.0143 0.0056 1.66 375.23 3.58 0.98 0 
OS+TH+ AF 203.15 151.22 70.33 42.22 0.0152 0.0061 1.66 315.15 3.39 0.87 0 
OS+PF+ AF 201.27 148.61 63.52 41.15 0.0151 0.0072 1.66 387.16 3.49 0.91 0 
OS+CA+ AF 195.21 137.25 61.25 38.16 0.0124 0.0033 2.11 412.28 3.27 0.86 0 
OS+EG+ AF 193.11 133.12 60.43 36.12 0.0102 0.0023 1.33 408.11 3.21 0.83 1 
LSD 11.32 5.37 2.96 3.17 0.0008 0.0005 0.04 8.90 0.02 0.04  
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DISCUSSION 
The Experimental findings emanating from the present investigation “Studies on seed-
borne mycoflora of wheat and maize and their eco-friendly management” conducted 
at the department of Botany A.M.U Aligarh during the year 2011-12 and 2012-13, 
have been discussed in this chapter. The effects of various treatment on wheat and 
maize crops have been discussed by establishing a ‘cause and effect’ relationship on 
the basis of available data and literature on the subject.  
 India is an agricultural-based country. Indian agriculture is now facing new 
challenges of efficient resource use and resource conservation to ensure that past 
gains in food grain can be sustained and further enhanced to meet the emerging needs. 
Intensive agricultural development is taking place in India with a view to accelerate 
food production for feeding the ever increasing population. All available resources are 
being mobilized to set up our food production and the farmers are being advised to 
take up to scientific farming. Increased crop productivity can be achieved by using 
cultivars of high yielding varieties and avoiding crop failures. This involves the 
demand of better quality seed in terms of germination, purity and health by the 
farmers. 
 Many high yielding varieties have shown susceptibility to different diseases 
and many of these diseases are seed-borne (Agrawal et al,.1981). The area of science 
that studies the relationship between pathogens and seeds is Seed Pathology. It does 
not only identify the pathogens, it also includes the role of the seed as source of 
inoculum, the survival of the pathogen and the actions taken to control the pathogens 
associated to it. It uses the knowledge of General Pathology, Microbiology and Seed 
Analysis (Nome et al,. 2002).  
 Pathogens generally are capable of attacking susceptible hosts and producing 
particular type of symptoms associated with a particular type of disease. A pathogen 
may penetrate several of these parts of the seed and in turn infect them. The 
infestation/contamination of the seed may occur during harvesting, threshing and 
processing. The seed-borne pathogens may result in (i) loss in germination (ii) 
discolouralion and shrivelling (iii) development of plant diseases (iv) distribution of 
pathogen to new areas (v) introduction of new strains or physiologic races of the 
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pathogen along with new germplasm from other countries (vi) toxin production in 
infected seed etc. 
 The cultivation of wheat is hampered due to seed-borne diseases. Numerous 
examples exist in agricultural literature for the international spread of plant diseases 
as a result of the use of infected or contaminated seeds (Agrawal et al. 1996). Keeping 
the importance of wheat for developing countries like India and also in view of the 
fact that quite little work has been carried out on the seed pathology and seed health-
testing of this crop in India, it was considered desirable to study certain aspects of 
seed mycoflora so that the losses due to them could be minimized. 
 Seed-borne diseases have been found to affect the growth and productivity of 
crop plants (Kubiak and Korbas 1999; Dawson and Bateman 2001; Weber et al,. 
2001). Healthy seeds play a vital role for healthy production of a crop but they are 
known to carry pathogens which cause heavy yield losses. Seed-borne fungi are 
important from the economic point of view as they render losses in a number of ways. 
Seed-borne infection of fungal pathogens are important not only for its association 
with the seeds which cause germination failure and/or causing disease to the newly 
emerged seedlings or growing plants but also contaminate the soil by establishing its 
inocula permanently (Hasan et al. 2005) 
 Seed pathogens are known to cause appreciable changes in viability and 
nutritional value of the crop plants and are quite effective in producing large no of 
damage to the quantitative and qualitative characters of wheat crop. This important 
food crop is attacked by a number of pathogens including a large group of fungal 
member which often take a heavy toll of the crop and render them diseased.  
 It is now well established that seeds of wheat undergo a deteriorative process 
because of these seed- borne disease. The whole wheat and the wheat based food 
source which are an important source of dietary antioxidants and have great food and 
nutritive qualities are lost due to grain diseases. 
 Wheat (Triticum aestivum) is an important cultivated food crop. Generally, in 
eastern and western Uttar Pradesh, wheat is cultivated in a large area and its 
production is about 78.4 million tons (approximately) over the past years. The area 
under production of wheat has increased from a mere 75.81 million MT in 2006-07 to 
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an all time record high of 94.88 million MT in 2011-12. The productivity of wheat 
which was 2602 kg/hectare in 2004-05 has increased to 3140 kg/hectare in 2011-12 
(Farmers Portal 2014). 
 It has got diversified domestic and industrial uses, because of its high 
economic value and place among the food crops. In Uttar Pradesh, the area and 
production of wheat is large, but its productivity is very poor because of untimely 
rains, pathogenic infection, imbalance use of chemicals, etc. Crop failure and poor 
productivity ultimately create problems for food security and livelihood. In case of 
wheat, loose smut and bunts are the most important seed-borne disease. In developing 
countries, the losses are quite high. In India, 30–40% losses have been reported. 
Alternaria triticina (Prabhu and Prasad 1967) leaf blight resulted in 60% losses in 
some fields. Along with some abiotic limitations, these protein and starch rich cereal 
crops are also highly susceptible to various pest and diseases and a number of storage 
grain moulds cause considerable losses (Subramanian 2000). Various experiments 
have been conducted in the last three decades to find out the effective means of 
isolating and controlling seed fungi of different crops. 
 Healthy seeds play an important role for the increase in successful cultivation 
and yield of crops. Seed-borne pathogens of wheat are responsible for causing 
variation in plant morphology and also reducing yield from 15-90% if infected seeds 
are planted in the field (Wiese, 1984).Each year about 20% of the wheat that 
otherwise would be available for food and feed is lost due to diseases (Fakir, 1999). 
 Seed-borne mycoflora of wheat reported by different workers include 
Alternaria alternata, Drechslera sorokiniana, Fusarium moniliforme, F. avenaceum, 
F. graminearum, F. nivale, F. culmorum, F. equiseti, F. sporotirchioides, 
Cladosporium herbarum, Stemphylium botrysum (Nirenberg et al., 1994; Glazek, 
1999; Mirza and Qureshi, 1978). 
 A number of workers (Christensen, 1957; Neergaard and Saad, 1962; 
Christensen and Lopez, 1963) have indicated that no single method is adequate 
enough in the field of seed pathology for detecting all the fungi associated with seeds. 
In addition to ISTA techniques (Annonymous, 1966, 1973, 1976 and 1981) used for 
the detection and isolation of seed-borne mycoflora of wheat seeds, certain techniques 
were modified and employed during the course of this work. 
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 Quality characters of wheat seeds, such as seed germination, moisture content, 
seed discolouration and seed-borne fungal prevalence have long been known to be 
influenced by various factors. The major mycotoxigenic fungi such as Aspergillus 
spp. (Reddy et al. 2004), Fusarium spp.(Abbas et al. 1999), and Penicillium spp. 
(Makun et al. 2007) are associated with cereal. The type and severity of seed 
abnormality may be dependent on the type and pathogenic potential of the associated 
fungi as well as the prevailing weather conditions (Owolade et al. 2001). 
 The harmful effects of such fungal invasion are glume or grain discolouration. 
Other abnormalities such as deformation and damage in seeds are a major constrain in 
crop production in most of the developing countries. Seed abnormality due to the 
influence of seed- borne fungi is very common and often accounts for a large 
percentage of crop losses (Varshney, 1990). 
 Some of the fungi infect the seed and cause discoloration of the seed and also 
some other seed borne pathogens are known to be associated with wheat seeds which 
are responsible for deterioration of seed quality during storage (Pathak et al. 2013). 
 Detecting seed-borne fungi on seeds is accomplished by a number of methods. 
Examination of dry seeds with the naked eye and at magnifications of 10 to 30 times 
reveals a number of plant pathogens that occur mixed with the seeds as fungus bodies 
or have converted the seed into fungus structure. The spores of some pathogens may 
be associated in such great numbers with individuals seeds that merely mounting the 
seeds in drops of water, tearing the seed parts, and examining the exuding spores 
microscopically are sufficient for fungal detection. The dry inspection of seeds 
revealed a higher incidence of wrinkled and discoloured seeds than normal ones. 
Grain weathering manifests as discolouration, rough appearance, shriveling, and loss 
of texture or reduced size (Tyagi, 1980). The association of Alternaria alternata and 
Fusarium moniliforme with all the different types of seed discolouration and 
abnormalities, and its high incidence may be due to the susceptibility of the wheat 
crop to these fungi. 
 Inspection of the dry seeds reveals the presence of fungal fructification such as 
pycnidia, sclerotia, damaged seed, discoloured seeds, contamination with inert 
material and infected with mycelial fragment were seen by the naked eyes and under 
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the stereobinocular microscope in both the wheat varieties, however, dry examination 
had its limitation for complete and accurate results. 
 Preliminary inspection of wheat seeds reveals that certain seeds were 
damaged, deformed, discoloured and contaminated with inert matter and infected with 
mycelial fragments. 
 Seeds of wheat when examined after soaking have been found to be infected 
with conidia of Alternaria triticina, Alternaria alternata, Fusarium 
moniliforme,Aspergillus niger, Drechslera australiensis, Penicillium spp.and 
Cladosporium spp.  in wheat and  Aspergillus flavus, Fusarium moniliforme, 
Aspergillus niger, Drechslera australiensis, Alternaria alternata, Fusarium solani in 
maize. 
 Different type of abnormalities were detected is seed samples of wheat and 
maize and among them discoloration at embryo end prove to be most singnificant in 
terms of fungal incidence and percent germination of seeds. 
 Seeds with different types of discoloration were highly infected with 
Alternaria alternata. The infections  was 78.0 % on seeds with discoloured embryo 
end while it was 2.25 % in normal seeds. Incidence of B.sorokiniana (60.50 %) was 
found to be second highest on seed with discolored embryo end in wheat seed, where 
as in maize seeds different types of discoloration were found to be highly infected 
with Aspergillus flavus it was 68.0 % on seeds with discoloured embryo end while it 
was as low as lowest 2.15 % in normal seeds. Incidence of Aspergillus niger (50.10 
%) was found to be second highest on seed with discolored embryo end in case of 
maize seeds. Seed abnormalities that are associated with seed infection and 
discoloration had a higher incidence of fungal infection of seeds. Germination 
percentage of normal seeds was 40% and this was higher than that (2.5% - 12.0%) of 
the abnormal seeds in wheat seeds where in case of maize seeds, germination 
percentage of normal seeds was 35% and this was higher than that (4.5% - 18.0%) of 
the abnormal seeds. 
 The association of Alternaria alternata and Fusarium moniliforme with all 
forms of seed abnormalities and its relatively high incidence on discoloured seeds 
indicates the susceptibility of the wheat crop to these fungal species, similar to the 
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reports of Varshney (1990). Some of the fungi infect the seed and cause 
discolouration of the seed (Makun et al 2007), (Reddy et al 2004). 
 Blackened wheat seeds were infected with Aspergillus flavus, Alternaria 
clamydophore and Cladosporium. Alternaria tenuis isolated from entirely discolored 
seeds is also a reputed black-point pathogen (Varshney. 1990), (Parashar et al. 1967). 
The reduced viability of abnormal seeds is due to the influence of fungi. Fakir (1988) 
reported significant reduction in the germination of infected seeds while Rena et al 
(1982) reported that localized discoloured areas, usually around the embryo end of 
seeds are often responsible for reduced germ inability. The isolation of some 
economically important seed-borne fungi of wheat and maize from the discoloured 
embryo ends may be due to the fact that the embryo contains abundant nutrient 
materials. 
 The findings in this investigation suggest that wheat and maize seeds with 
various types of discolouration and abnormalities have the potential to cause seed 
deterioration in storage and in the field too. 
 Among various factors that adversely affect seed heath, the most important are 
the seed borne fungi that not only lower seed germination but also reduce seed vigour 
resulting in low germination and yield. Seed health testing for the presence of seed 
borne pathogens is an important step in the management of crop diseases. 
 The main aim of the present study is to enumerate the fungal species and their 
effect on germination associated with wheat and maize seeds. In this study screening 
of five varieties of wheat and maize and seed health testing techniques have been 
evaluated for their comparative efficacy in the detection of seed mycoflora which can 
be helpful for determining the quality of seeds in the laboratory. 
 The International Seed Testing Association (ISTA) is an internationally 
recognized organization which provide standardized methods for seed quality testing 
and seed health for the betterment of seeds and crops raised from them.  
 Standard Blotter method (Limonard, 1966 and Annonymous, 1966) and Agar 
plate method and Deep freezing method (Malone, 1941 and Muskett, 1948) as 
suggested by ISTA were used for detection of seed-borne mycoflora during these 
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investigations. 
 Seeds of five varieties of each crop were screened, among which wheat variety 
PBW343 and maize variety KH101 were found to be most susceptible in terms of 
fungal infection as compared to other varieties of wheat and maize.  
 Seed mycoflora of different varieties of wheat and maize have been found to 
differ both in quality and quantity. It is compared in terms of frequency of fungi from 
sterilized seeds and non sterilized seeds and percentage of seed germination. There 
has been a correlation between the number of fungi isolated from seeds and 
percentage of seed germination. Highest germination has been observed in the 
sterilized seeds where the number of fungi was lowest. 
In case of blotter method 20 fungi were detected from non sterilized seeds and 
16 from sterilized seeds of wheat where as 16 fungi were detected from non sterilized 
seeds and 14 were detected from sterilized seeds of maize . Alternaria triticina and 
Alternaria alternata were found to be most frequently occurring fungi from wheat 
seeds and Aspergillus flavus and Aspergillus niger from maize seeds. 
 In case of agar plate method 20 fungi were detected from non sterilized seeds 
and 17 were detected from sterilized seeds of wheat and 13 fungi were detected from 
non sterilized seeds and 14 were detected from sterilized seeds of maize seeds. In case 
of deep freeze method 18 fungi were detected from non sterilized seeds and 16 were 
detected from sterilized seeds of wheat and 16 fungi were detected from non sterilized 
seeds and 13 were detected from sterilized seeds of maize seeds  
  Alternaria alternata, Alternaria triticina, Aspergillus niger, Aspergillus 
flavus, Aspergillus fumigatus, Bipolaris sorokiniana, Bipolaris mydis, Fusarium 
moniliforme, ,Fusarium oxysporum, Fusarium solani, Rhizopus oryzae, Drechslera 
australiensis, Mucor spp.,Penicillium spp., Colletotrichum graminicola and 
Cladosporium spp. have been found common in all the three incubation methods and  
in both  wheat and maize seeds. 
 These results clearly show that the seed surface of wheat and maize is adhered 
by a large number of fungal species which can be reduced by surface sterilization of 
seeds before planting. Moreover, if we compare the three methods, more fungi were 
detected in case of blotter method. So this method is suitable for detection of fungi 
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which remain adhere to the seed surface. 
 Fungal infected seeds transmit most of the major diseases of wheat crop. Seed-
borne pathogens include Alternaria alternata, Fusarium graminearum, 
Helminthosporium sativum, Drechslera sorokiniana, D. tetramera, Cladosporium 
oxysporum and Curvularia lunata and storage fungi include species of Aspergillus 
and Penicillium (Bhutta and Hussain, 1995; Ilyas et al, 1998, Ijaz et al, 2001). 
Shafique et al. (2006) have reported the species of Alternaria alternata, Fusarium 
solani (Mart.) Appel & Wr., Cladosporium spp., Rhizopus arrizus, A. fischer and 
Aspergillus niger Van Tieghem from stored grains of wheat collected from district 
Sialkot. 
 The results clearly indicated the specific advantage of one method over the 
other. Agar plate method was preferable for the detection of deep seated pathogen 
such as Fusarium spp. Fusarium species showed much better growth on Potato 
Dextrose Agar medium in wheat and maize due to the better nutrient status of the 
medium. Moreover, this medium has been recommended by ISTA (1976) for the 
isolation of Fusarium species from seeds. 
 Pathogenicity tests were carried out to determine the pathogenic behaviour of 
different fungi in wheat and maize seeds. Five fungi viz. Alternaria triticina, Ustilago 
tritici, Bipolaris sorokiniana, Fusarium moniliforme and Aspergillus niger have been 
found to produce symptoms on wheat seeds and Aspergillus flavus, Aspergillus niger, 
Bipolaris sorokiniana, Colletotrichum graminicola, and Fusarium moniliforme have 
been found to produce symptoms in maize seeds. 
 Out of the five fungi, tested for pathogenicity, Alternaria triticina ,Ustilago 
tritici in wheat seeds and Aspergillus flavus, Colletotrichum graminicola in maize 
seeds were found more pathogenic and  quite abundant and produce adverse effect on 
the seed germination capability and reduce the economic value of wheat and maize 
seeds in the market. 
 Five In-vitro methods were conducted for pathogenicity test, among which 
four were conducted in pots and one in test tubes. Out of the five methods cotton 
swab test tube method was found the best one for pathogenicity test and subsequently 
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determined the most efficient method to be used for pathogenicity/ 
screening/aggressiveness analysis. 
 After statistical analysis of the data it was found that the test tube moist cotton 
swab method proved to be the most effective and efficient method for pathogenicity 
test and to check the aggressiveness of the pathogen. The method is also more 
convenient for preliminary screening of the varieties/ germplasm before going to 
field. In our studies this method was specially compared with the method used by 
Lamari & Bernier (1989) which was later adopted by Iram & Ahmad (2005), in which 
the plants at seedling stage were planted in pots needed to be sprayed with spore 
suspension with a particular concentration and for the maintenance of humidity the 
potted plants were covered with plastic bags for 30 hours, whereas the test tube 
method proved to be more simple and efficient.  
 The potted plants method takes a long time to develop the symptoms and the 
symptoms developed were not as good as compared to the symptoms developed in 
test tube method. Another advantage of this method was that the infection on the roots 
(if required) can be measured in the same experiment. So the seed and soil borne 
pathogens can be easily tested by this method (Iftikhar et al. 2008). 
 Management and control of plant diseases is an important aspect. Efficacy of 
fungicides, biocontrol agents and plant extracts against the pathogenic fungi of wheat 
and maize were tested in laboratory using poison food technique and dual culture 
technique.  
 The use of fungicides has become an inevitable method in the management of 
plant diseases. In vitro evaluation of new synthetic molecules of seed dressing 
fungicides is very much necessary before they are taken to field testing. In the present 
investigation, four seed dressing fungicides were tested for their efficacy against the 
myceial growth of the seed-borne infections of A.triticina, A.alternata, F.moliniforme, 
B.sorokiniana, and U.tritici isolated from the wheat seeds and A.flavus, 
B.sorokiniana, F. moniliforme and C. graminicola isolated from the maize seeds by 
Poison food technique.  
 Among the four seed dressing fungicides tested against pathogenic fungi of 
wheat and maize, by Poison food technique, fungicide carbendazim effectively 
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inhibited the mycelialal growth of A.triticina, A.alternata, F.moliniforme, 
B.sorokiniana, and U.tritici followed by fungicide mancozeb, banlate, carboxin.. 
Mycelial growth of the fungi differed significantly at various concentrations of 
fungicides. The growth inhibition of A.triticina and A.flavus was very significant at 
500 ppm concentration with carbendazim fungicide followed by mancozeb in Poison 
food technique. 
 Similar results were obtained by Amaresh (2000) who reported maximum 
inhibition of mycelial growth of A.helianthi by iprodione, among non-systemic 
fungicides and in systemic fungicides propiconazole and hexaconazole were found 
most effective. Amaresh et al.(1998) reported mancozeb as the most effective 
chemical , followed by iprodione and chlorothalonil in case of seed-borne sunflower 
diseases. 
  Abbas et al (2004) have reported that Benlate @ 3 g kg-1 seed is very 
effective to control various seed-borne fungi of wheat. 
 Continuous use of chemical fungicides in the management of plant diseases 
also brought new problems and more alarming amongst them are the pollution of air, 
water, soil, residual toxicity, development of resistance in pathogens against 
chemicals. Search for alternative plant protection measures is there from last few 
decades botanicals and bioagents are eco- friendly, renewable, indigenously available, 
largely non-phytotoxic, thus readily biodegradable, relatively cost effective and hence 
constitute as a suitable plant protection measure, in the integrated disease 
management strategy (RAO, 2006). Hence, screening of plant products for their 
effective antifungal activity against the pathogen is essentially required to minimize 
the use of fungicides and to consider as one of the components in the integrated 
disease management (Khadar, 1999). 
 Plant pathogens have a worldwide host range covering all groups of plants. 
The biological control plays an important role as per the modern concept of integrated 
disease management and for sustainable agriculture. Biopesticides, apart from 
reducing the use of synthetic fungicides also help to avoid damage of non- targeted 
beneficial flora. Plant extract which are eco-friendly offer much important scope for 
their exploitation as a promising material for use in plant disease control. 
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 The present investigation was carried out to evaluate the different plant 
extracts for the possible presence of fungitoxic substances against the pathogenic 
fungi isolated from the wheat and maize seeds, by using Poisoned food technique 
under in vitro conditions and the best component of this, was further studied under 
field conditions for the management of seed-borne infection of wheat and maize 
crops.  
 Among the seven plant extracts tested against pathogenic fungi of wheat and 
maize, by Poison food technique, Eucalyptus globulus effectively inhibited the 
mycelialal growth of A.triticina, A.alternata, F.moliniforme, B.sorokiniana, and 
U.tritici followed by Calotropis procera, Ocimum sanctum, Datura stramonium, 
Lantana camara, Ricinus communis, Euphorbia hirta.  
 The growth inhibition was maximum at 20 ml concentration. Mycelial growth 
of the fungi differed significantly at various concentrations. The growth inhibition of 
A.triticina was maximum at 20 ml concentration with Eucalyptus globulus followed 
by Calotropis procera extract. Similarly the growth inhibition of A.flavus was 
maximum at 20 ml concentration with Eucalyptus globulus followed by Calotropis 
procera extract in Poison food technique. 
 Similar results were obtained by Raja and Kurucheve (1998) who tested four 
plant extracts, buffalo urine and carbendazim against M.phaseolina and found that 
garlic bulb extract and buffalo urine inhibited slerotial germination which were on par 
with carbendazim. John Sudhakar (2002) also reported the efficacy of garlic clove and 
onion bulb extracts, in inhibiting mycelial growth of M.phaseolina of maize. 
 As the ill effects of chemical fungicides are well known, efficacy of plant latex 
was also tested by Sitara et al (2007) against the seed fungi. An experiment was 
carried out to study the efficacy of some fungicides, Sodium hypochlorite and Neem 
seed powder against seed borne mycoflora of maize. 
 Biological control through the use of antagonistic microorganisms is a 
potential, non-chemical means of controlling plant diseases by reducing the inoculum 
levels of the pathogens. Such a management would help in preventing the pollution 
and also health hazards. In the present investigation, the antagonistic microorganism’s 
viz., Trichoderma harzianum, Trichoderma viride, Pseudomonas fluorescens and 
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Bacillus subtilis were evaluated for their antagonistic effect against the pathogenic 
fungi isolated from the wheat and maize seeds, by using Poisoned food technique 
under in vitro conditions. 
 Among the four biocontrol agents tested against pathogenic fungi of wheat 
and maize, by dual culture method biocontrol agent Trichoderma harzianum 
effectively inhibited the mycelialal growth of A.triticina, A.alternata, F.moliniforme, 
B.sorokiniana, and U.tritici followed by T.viride, Pseudomonas fluorescens and 
Bacillus subtilis. Mycelial growth of the fungi differed significantly at various 
concentrations. The growth inhibition of A.triticina was maximum at 5 mm mycelia 
disc containing 108 conidia/ml with T. harzianum followed by P. fluorescens. 
Similarly the growth inhibition of A.flavus was maximum at 5 mm mycelia disc 
containing 108 conidia/ml with T. harzianum followed by P. fluorescens in dual 
culture method. Similar results were obtained by Deshmukh and Raut (1992) and 
Rukmani and Mariappan (1994). 
 This finding is in agreement with Leeman et al. (1995) who reported the 
efficacy of P. fluorescens and T.harzianum as seed treatment against Fusarium wilt of 
radish. 
 The results of the laboratory experiments conducted to know the efficacy of 
four fungicides, four biocontrol agents and seven plant extracts against the seed-borne 
mycoflora of wheat and maize were applied as seed treatments against the seed 
mycoflora of wheat and maize. 
 Seed treatments can be a means of preventing or reducing the risks from a 
number of soilborne and seed-borne pathogens or insects. Seedling diseases tend to be 
more severe if poor quality seed is used and if conditions at planting are not favorable 
for quick germination and stand establishment. Seed treatments can improve stand 
establishment under poor growing conditions. If seed is to be used that was harvested 
from a field with common bunt or loose smut, a fungicide seed treatment should be 
strongly considered. Similarly, any seed that is going to be planted in a field with a 
history of common bunt is a good candidate for seed treatment. (agri life extention) 
 The application of a seed protectant to the seeds helps in producing better 
emergence and vigorous seedlings. Seed protectant chemicals differ from crop to crop 
Discussion 
201 
 
and from region to region. Fungicidal seed treatment may kill or inhibit seed-borne 
pathogens and may from a protective zone around seeds that can reduce seed decay 
and seedling blight caused by soil-borne pathogens. The use of fungicide as seed 
treatment is the most widely followed disease control practice used in all crops (Nene 
and Thapliyal 1979). The efficacy of various fungicides to control seed-borne fungal 
mycoflora has been reported (Mishra and Singh 1972; Agrarwal et al. 1981; Raut et 
al. 1983; Singh et al. 1984). Gupta et al. (1990) used four seed dressing fungicides 
against mycoflora associated with wheat and maize seeds. 
 The effect of seed treatment with fungicides on fungal infection percentage 
and seed germination percentage were conducted by using Blotter and Agar plate 
method.  Four fungicides at 500 ppm concentration as seed priming were tested for 
their efficacy in the management of seed-borne fungal infections of wheat and maize 
seeds. Among the four fungicides tested for their efficacy in the management of seed-
borne infection of wheat with various fungal contaminants, seed treatment with 
Carbendazim showed least seed infection with higher per cent germination as 
compared to control which differed significantly from seed treatment with Mancozeb, 
Vitavax and Benlate. 
 Maximum reduction in infection of A.triticina was observed in seed treatment 
with carbandazim, followed by mancozeb, vitavax and  benlate at 500 ppm 
concentration as compared to control and lowest frequency was recorded against D. 
australiensis in blotter method. 
 Drechslera spp. was completely controlled by all four fungicides at 500 ppm 
concentration. Where as in case of agar plate method maximum reduction in infection 
of A.triticina  was observed in seed treatment with carbendazim, followed by 
mancozeb, vitavax and benlate at 500 ppm concentration as compared to control. D 
australiansis and Drechslera spp. were completely controlled by all four fungicides at 
500 ppm concentration. 
 Seed treatment with all four fungicides on maize seeds was also conducted on 
blotter and agar plate method and maximum reduction in infection of A.flavus was 
observed in seed treatment with carbendazim followed by benlate, mancozeb and 
vitavax at 500 ppm concentration as compared to control. Lowest frequency was 
recorded against C. herbarum, in blotter method. 
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 In case of agar plate method maximum reduction in infection of A.flavus  was 
observed in seed treatment with carbendazim, followed by benlate, mancozeb and 
vitavax at 500 ppm concentration as compared to control. Lowest frequency was 
recorded against C. herbarum. 
 Highest germination was observed in seed treatment with carbendazim 
followed by mancozeb, benlate and with vitavax as compared to control in wheat and 
maize seeds. 
 A large number of fungicides are being used in the form of dusting, slurry and 
soaking treatment (Agrios 1997). Even though effective and efficient control of seed-
borne fungi can be achieved by the use synthetic chemical fungicides, the same 
cannot be applied to grain for reasons of pesticide toxicity (Harris et al. 2001). Seed-
borne fungi can be controlled by the treatment with fungicides (Siddiqui and Zaman 
2004). The effects of seed treatment with chemicals on germination were reported by 
Sharma and Bose (2006). Recently, in a similar study, Abbas et al. (2004) have 
reported that Benlate at 3 g/kg seed is very effective to control various seed-borne 
fungi of wheat. It is now realised that chemical fungicides cause serious 
environmental problems and are toxic to non-target organisms (Anonymous 2005). 
 Chemical control of diseases has several disadvantages and it is neither 
environmentally safe nor friendly. The use of alternative biocontrol option is more 
preferable whenever possible. The antifungal properties of some plant extracts were 
investigated with the aim of finding alternatives to the use of chemicals. 
 However, the average Indian farmer cannot afford the increasing cost of 
synthetic chemicals. Furthermore, the use of fungicides has resulted in the buildup of 
toxic chemicals potentially hazardous to man and environment and also in the buildup 
of resistance by pathogens (Sinclair, 1971; Adesiyan, 1983). The continuous use of 
chemical treatments has resulted in control failure as the pathogen become resistant to 
the ingredients (Williams and Gisi, 1952). 
 In recent year much attention has been given to non-chemical substances for 
seed treatment to protect them against seed-borne pathogens. Chemical fungicides can 
control the plant disease, but they produce bad effects on human health, plants and 
animals and also harmful to our environment. On the other hand, several higher plant 
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products and their constituents have shown success in plant disease control and are 
proved to be harmless and non-phytotoxic like chemical fungicide.  
 Plant extracts are being used to control the diseases since last several years. 
Extracts of the various plant parts like leaf, stem, root, fruit and seeds are found to be 
effective against seed-borne pathogenic fungi. The ability of the extracts to increase 
seed germination and seedling emergence could be attributed to the suppression of the 
incidence of the seed borne fungi that could have killed the embryo of the seeds. This 
result is consistent with that of Parimelazhagan and Francis, (1999) who established 
that leaf extracts of Clerodendrum viscosum increased seed germination and improved 
seedling development of rice seeds. The bioactivity of neem extracts has been 
attributed to various compounds found in seeds and leaves such as nimbin, nimbidin, 
salannin, but the most important of these compounds is azadirachtin (Lale & 
Abdulrahman, 1999). 
 Plant metabolites and plant based pesticides appear to be one of the better 
alternative as they are known to have minimal environmental impact and danger to 
consumers in contrast to synthetic pesticides (Verma and Dubey, 1999). 
 The effect of seed treatment with botanicals on fungal infection percentage 
and seed germination percentage are presented by using Blotter and Agar plate 
method. Seven botanicals at 20 ml concentration as seed priming were tested for their 
efficacy in the management of seed-borne fungal infections of wheat and maize seeds. 
Among the seven botanicals tested for their efficacy in the management of seed-borne 
infection of wheat with various fungal contaminants, seed treatment with Eucalyptus 
globulus showed least seed infection with higher percentage of seed germination as 
compared to control which differed significantly from seed treatment with Calotropis 
procera, Ocimum sanctum, Datura stramonium, Lantana camara,  Ricinus communis 
and Euphorbia hirta.  
 Maximum reduction in infection of A.triticina was observed in seed treatment 
with E. globulus, followed by C.procera, O. sanctum, D.stramonium, with L.camara, 
R.communis and with E. hirta at 20 ml concentration as compared to control  in 
blotter method at 20 ml concentration. Lowest frequency was recorded against 
Drechslera spp.in blotter method. 
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 Where as in case of agar plate method maximum reduction in infection of 
A.triticina  was observed in seed treatment again  with E. globulus,   followed by 
C.procera,  O. sanctum,  D.stramonium, L.camara, R.communis, and with E. hirta at 
20 ml concentration as compared to control in seed treatment of wheat seeds. 
 In case of maize seeds maximum reduction in infection of A.flavus was 
observed in seed treatment with E. globulus, followed by C.procera, O. sanctum, 
D.stramonium, L.camara, E. hirta and  in seed treatment with R.communis at 20 ml 
concentration as compare to control in blotter method. 
 In case of agar plate method maximum reduction in infection of A.flavus was 
observed in seed treatment with E. globulus, followed by C.procera, O. sanctum, 
D.stramonium, L.camara, E. hirta and in seed treatment with R.communis at 20 ml 
concentration as compare to control in agar plate method. 
 Lowest frequency was recorded against C. herbarum. Highest seed 
germination was observed in seed treatment with E. globulus , followed by C. procera 
, O.sanctum, D.stramonium, L.camara, E. hirta, and with R.communis, as compared 
to control in blotter method and as similar in agar plate method in wheat and maize 
seeds. 
 Potential source of new pesticides is natural product from plants. Exploitation 
of plant metabolites in crop protection and prevention of bio-deterioration caused by 
fungi appear to be promising. In view of these, the author screened some leaf extracts 
and biopesticide Trichoderma viride, Trichoderma harzianum, Pseudomonas 
fluorescens, and Bacillus subtilis against seed-borne pathogenic fungi. 
 The toxic effect of synthetic chemicals can be overcome only by persistent 
search for new and safer pesticides accompanied by the wide use of pest control 
methods, which are ecofriendly and effective (Mohana et al. 2011). The tested 
Calotropis latex also proved to be antifungal and improvement in the germination of 
seeds was also recorded. 
  Latex from the plants has been found to contain chemicals such as fatty acid, 
resins, oil acid, salts and sugar (Chopra et al. 1980). It is likely that these compounds 
might be adversely affecting the growth of fungus (Cochrane 1958). 
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 Aqueous extract of A. indica has also been reported to cause significant 
growth inhibition of other fungi such as Rhizoctonia solani, Botrytis cinera and 
Fusarium oxysporum (Alkhail, 2005). 
 Many reports revealed that plant metabolites and plant based pesticides appear 
to be one of the better alternatives to be used as they are known to have minimal 
environment impact in contrast to synthetic pesticide. Hasan et al., (2005) reported 
that leaves of Azadiracta indica, Achyranthes aspera, Lawsonia alba, Adhatoda 
vestica, stem of Cuscuta reflexa, root of Vicia rosea and seeds of Nigella sativa 
significantly reduced the incidence of seed-borne fungi of wheat viz., Bipolaris 
sorokiniana, Fusarium spp., Aspergillus spp., Penicillium spp. and Rhizopus spp. 
 Latex from other plants has been found to contain chemicals like fatty acids, 
resins, oil, acids, salt, sugar etc.(Chopra et al 1980). It is likely that these compounds 
might be adversely affecting the growth of fungi as some of these compounds are 
reported to adversely affect the growth of fungi (Cochrane et al 1958). Praveen (1983) 
has also reported to control seed mycoflora of Triticale and Pennisetum by latex of 
Calotropis procera. Results are in conformity with Zaidi (1983) who had controlled a 
number of fungi with the application of Calotropis latex in case of cowpea and gram 
seeds. The latex of Calotropis procera contains the Calotropin, Uscharin, Calotoxin, 
Calactinand Uscharidin,(The wealth of India). Plants have potent components of 
phytomedicine. Plant based natural constituents can be derived from any part of the 
plant like bark, leaves, fruits, flowers, roots, seeds etc. The therapeutic use of 
medicinal plant is becoming popular because of its inability to cause side effects and 
combat antibiotic resistant microorganisms (Siddiqui et al. 2004).The effect of 
aqueous leaf extracts of 8 allelopathic free species viz. Acacia nilotica, Alstonia 
scholaris, Azadirachta indica, Eucalyptus citriodora, Ficus benghalensis, mangifera 
indica, Melia azedarach and syzygium cumini on germination and seed- borne 
mycoflora of wheat (Sukirtha et al. 2012). 
 Biological control using antagonistic microbes alone or as supplements has 
been investigated in the last years to minimize the use of chemicals (Annone 2005). 
 Members of the fungal Genus Trichoderma have been studied extensively, 
particularly because of their ability to act as biocontrol agents (Melo 1991, Monte 
2001.) Trichoderma harzianum is an efficient control measure for several plant 
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pathogens (Adekunle et al., 2001). Search and production of biopesticides is the 
prime focus of the pest control strategy in recent years. 
 The effect of seed treatment with biocontrol agents on the percent infection 
and seed germination were analyzed using Blotter and Agar plate method.  Four 
biocontrol agents at 5mm disc containing 107 spores/ml concentration as seed priming 
were tested for their efficacy in the management of seed-borne fungal infections of 
wheat and maize seeds. Among these four biocontrol agents  experimented on 
contaminated wheat seeds, T. harzianum proved to be most effective as it showed 
least seed infection with higher per cent germination as compared to control which 
differed significantly from seed treatment with  T. viride, P. fluorescence, and  
B.subtilis. 
 Among the four seed priming biocontrol agents tested, maximum reduction in 
infection of A.triticina was observed in seed treatment with T. harzianum, followed 
by seed treatment with P. fluorescens, T. viride and B.subtilis at 5mm disc containing 
108 spores/ml as compare to control in blotter method .Lowest frequency was 
recorded against C.lunata.  
 In case of agar plate method maximum reduction in infection of A.triticina 
was observed in seed treatment with T. harzianum, followed by P. fluorescens, T. 
viride, and B.subtilis as compared to control at 5mm disc containing 108spores/ml. 
Lowest frequency was only recorded against Drechslera spp. seed treatment with T. 
viride as compared to control however this fungus was absent in seed treatment with 
T. harzianum, P. fluorescence and with B.subtilis in wheat seeds. 
 Where as in case of maize seeds maximum reduction in infection of A.flavus 
was observed in seed treatment with T. harzianum, followed by P. fluorescens, T. 
viride and B.subtilis at 5mm disc containing 108 spores/ml as compare to control in 
blotter method. Lowest frequency was recorded against C. herbarum. 
 In case of agar plate method maximum reduction in infection of A.flavus was 
observed in seed treatment with T. harzianum, P. fluorescens, T. viride and B.subtilis 
as compared to control at 5mm disc containing 108 spores/ml. Lowest frequency was 
only recorded against C. herbarum., seed treatment with T. viride and seed treatment 
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with B.subtilis as compared to control however this fungus was absent in seed 
treatment with  T. harzianum, and P. fluorescens. 
 Highest germination was observed in seed treatment with T. harzianum, 
followed by P. fluorescens, T. viride and with B.subtilis as compare to control in 
blotter method and the pattern was similar in agar plate method in wheat and maize 
seeds. 
 Antagonistic fungi are present in substantial quantity in nearly all agriculture 
environment and their use is now being recognized world-over as an alternative in 
plant disease control. (Harman et al., 2004, Suttan 2005).  
 Almost all control methods are aimed at protecting plants from becoming 
diseased rather than at curing them after they have become diseased. Seed treatment is 
the most popular one among the preventive method. The fungi which are exclusively 
seed-borne can be controlled only through the treatment of seeds. Seeds are usually 
treated with antipathogenic substances to prevent their decay after planting by 
controlling pathogens carried on them, present inside the seed or existing in the soil 
where they will be planted.  
 It is found that seed mycoflora may be destructive during germination of seeds 
or may be bringing about mortality soon after emergence of seedlings. In view of the 
above findings it is found desirable that another set of experiments was performed in 
the pot condition outside the laboratory to understand the pathogenicity level, 
inoculums threshold and control measures of important disease causing fungi.  
 In the present study main emphasis has been given to seed borne nature of 
Alternaria triticina and Ustilago tritici on wheat plant and Colletotrichum 
graminicola  and Aspergillus flavus on maize plant and antifungal activities of 
biocontrol agents, botanicals and fungicides against these seed borne fungi. 
Seeds generally are inoculated for testing pathogenicity and resistance of 
cultivars to seed and soilborne pathogens, pathogens causing pre and post emergence 
damping off, foot rot, root rot, systemic infection such as dawney mildew and smuts 
and pathogens producing symptoms on seedling. The kind and quantity of inoculums 
is important spore inoculum generally gives better results than mycelia inoculums. 
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Pathogenicity  and resistance of bunt and smut fungi is tested by inoculating seeds 
with chlamydospores or teliospores. 
The first experiment was conducted to test the pathogenicity of  Alternaria 
triticina and Ustilago tritici on wheat plant and Colletotrichum graminicola  and 
Aspergillus flavus on maize plant in green house to determine the inoculum threshold 
levels, their pathogenic role and they have been found to produce symptoms on tested 
plants. 
Inoculum thresholds of seed borne pathogens are the level of infection on or in 
seed that will significantly affect disease development and result in economic loss. 
The thresholds level must be zero for a disease that is not in an area protected by an 
established quarantine (Gabrielson 1988). 
To determine the inoculum threshold level of Alternaria triticina, the flag 
leaves of wheat were inoculated with different inoculum levels of the Alternaria 
triticina. Maximum reduction in plant growth parameters was observed at the highest 
inoculum level 3 (4x104 spores/ml). Moreover, significant reduction in plant growth 
parameters was recorded at and above 40000 spores/ml. 
Fungi such as A. alternata were quite common in barley and produce adverse 
effect on the seed germination capability and reduce the economic value of barley, 
Ramadan et al., (2014). Inoculation of A. triticina caused reduction in plant growth 
and photosynthetic pigments, which was due to characteristic leaf blight with brown, 
oval spots on leaves. However, reduction in leaf blight of wheat was observed after 
inoculation with soil micro-organism (Zaki and singh 2004). 
Similarly to determine the inoculum threshold level of Ustilago tritici, the 
inflorescence of wheat were inoculated with different inoculum levels of the Ustilago 
tritici and maximum reduction in plant growth parameters was observed at the highest 
inoculum level 3 (1.5 x104 spores/ml). 
To determine the inoculum threshold level of Anthracnose leaf blight infection 
caused by Colletotrichum graminicola in maize plants,  the leaves of maize were 
inoculated with different inoculum levels and maximum reduction in plant growth 
parameters was observed at the highest inoculum level (1.2x106 spores/ml) at 
Discussion 
209 
 
inoculums level 3. And to determine the inoculum threshold level of Aspergillus ear 
rot  infection on maize plants caused by Aspergillus flavus, the cobs of maize were 
inoculated with different inoculum levels and maximum reduction in plant growth 
parameters was observed at the highest inoculum level (1x106 spores/ml) at 
inoculums level 3. 
Tandon et al., (2001) reported the reduction and germination of Albizia 
procera seeds which was greatly influenced by fungal metablolites of Aspergillus 
niger, Aspergillun flavus, Fusarium species and Alternaria alternata. 
Pathogens generally are capable of attacking susceptible hosts and producing 
particular type of symptoms associated with a particular type of disease. The another 
type of interaction is where pathogens are known to interact and are shown to cause 
plant damage that equates to the sum of individual damage by pest pathogen, the 
association is described as neutral.   
These levels of inoculum were therefore, used in the experiments related to the 
management of seed borne infection through organic amendments using botanicals, 
biocontrol agents and fungicides. All the tested materials as fungicides, biocontrol 
agents and botanicals and their effective doses were applied such as different 
combinations as only spray, spray of inoculated pathogen with all control agents and 
as seed treatment with spray in FYM amended soil in pot condition. 
The antagonistic effects of biocontrol agents viz. Trichoderma harzianum, 
Trichoderma viride, Pseudomonas fluorescens, and Bacillus subtilis were found effect 
as seed treatment singly or in FYM amended soil on growth of A. triticina and 
Ustilago tritici infection on wheat plants either by competition or by antibiosis and all 
the parameters shoot length, shoot fresh weight, shoot dry weight, root length, root 
fresh weight, root dry weight, number of spikelets per spike, number of grains/ spike 
and chlorophyll content increases as compared to control. Trichoderma harzianum 
and Pseudomonas fluorescens was found most effective as compared to Trichoderma 
viride and Bacillus subtilis against A.triticina. Ustilago tritici infection on wheat 
plants. T. Viride found effective in laboratory conditions were evaluated for seed 
treatment. Consequently same tentative work has been reported ( Panwar et al., 2013). 
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The application of a seed protect ant chemicals to the seeds helps in producing 
better emergence and vigorous seedlings. Seed protectant chemicals vary from crop to 
crop. The application of chemicals to the seed is a common and effective means of 
controlling majority of seed borne pathogens. The use of fungicide as seed treatment 
is the most widely followed disease control practice used in all crops (Nene and 
Thapliyal, 1979). The efficacy of various fungicides against seed borne mycoflora has 
been reported (Agarwal, 1981, Raut et al., 1983). The efficacy of fungicides against 
A. alternata has also been reported by Taware et al., (2014). 
Four fungicides viz., Carbendazim (Bavistin), Vitavax (Carboxin), Mancozeb 
(Dithane M-45) and Benlate (Thiram) were selected and screened by poisoned food 
technique. Out of all thefor fungicides Carbendazim and Mancozeb were found to be 
most effective in controlling fungal infection in wheat and maize crops. 
The antifungal activity leaf extract of seven Eucalyptus globulus, Lantana 
camara, Calotropis procera, Ocimum sanctum, Datura stramonium, Ricinus 
communis and Euphorbia hirta were selected and screened with poison food 
technique. Out of all seven plants, four plants viz. Eucalyptus globules, Ocimum 
sanctum, Calotropis procera, and Datura stramonium were applied as seed and spray 
treatment with or without FYM amended soil in pot condition. The most effective 
Eucalypus globulus,leaf extract and at 20% concentration shows maximum inhibition 
whereas; least inhibition was recorded in case of Datura stramonium. Seed treatment 
with different plants extracts have been found effective in wheat seeds and eliminate 
majority of fungal infection and increased the plant and seed growth. 
In the experiment for management with botanicals, some plants viz  Lantana 
camara, Ricinus communis, and Euphorbia hirta either there was no improvement in 
plant growth parameters or it was statistically insignificant. 
The leaves of Calotropis procera (Aak) were less effective than Eucalypus 
globulus against the leaf blight and loose smut infection on wheat plant. The plant is 
commonly known as the swallow-wort or milkweed, leaves bearing milky latex. The 
seedlings and leaves possess antifungal properties, the former inhibiting the growth of 
Fusarium nivale (Fr.) ces., F. oxysporum.  Calotropis procera leaves contain 
chemicals Calotropin, Uscharin, Calotoxin, Calactin, Uscharidin and Calotropagenin. 
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Two triterpene esters with biological activity from Calotropis leaves have been 
isolated by Rastogi and Mehrotra (1995). 
The leaves of Datura stramonium commonly known as dhatura were also 
effective against the leaf blight and loose smut infection on wheat plant. Leaf extracts 
have also been found effective against the fungus, Fusarium oxysporum f. sp. cumini 
and nematode, M. incognita (Sharma and Trivedi, 2002).  The inhibitory effect of the 
plant leaves against fungi might be attributed to the presence of some antifungal 
toxicants in the leaves of Datura. 
Organic amendments are not only safe to use but also have the capacity to 
improve soil structure and fertility.  In addition they are cheaper, safer and easier to 
apply with no risk of pollution and thus maintaining the balance of biological 
ecosystem, making the planet worth for human population.  Thus, control strategies 
are now directed towards the use of natural products. The efficacy of different plant 
extracts also been reported by Shafique et al., (2007). 
In host–pathogen interactions, efficient pathogen nutrition is a prerequisite for 
successful colonization and fungal fitness. Filamentous fungi have a remarkable 
capability to adapt and exploit the external nutrient environment. For phytopathogenic 
fungi, this asset has developed within the context of host physiology and metabolism 
(Divon et al., 2006). 
Due to non- scientific agricultural practices, intermittent rain at the time of 
harvest and poor storage facilities, grains are predisposed to fungal infection and grain 
bio-deterioration (Bhattacharya et al., 2002). The grain bio-deterioration is a dynamic 
process, which leads to the loss of physical and nutritional qualities, which eventually 
render grains unsuitable for human consumption. 
These fungi when grow on karnals, can reduce the germination along with loss 
of carbohydrate, protein and oil content, increases the moisture content, free fatty acid 
and thus reduce the dry matter content (Diener et al., 1981). Fungi consume sugar 
during growth and activity. Plants use also sugar to build its parts and create energy. 
This led to consumption of sugar content, leaving grains shrinked and wrinkled, 
beside reduction in crop product and weakness of the vegetative parts (Al-Abdalall 
1998, Shalaby 1988, Wildermuth et al 1991 and Younes 1997).  
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All the controlling methods and controlling agents improved the biochemical 
parameters as protein and carbohydrate content of wheat and maize crops. 
Trichoderma harzianum, Pseudomonas fluorescens, Eucalyptus globulus, and 
Carbendazim were found as improving protein and carbohydrate content of wheat and 
maize crops in all the treatments. 
The ability of seed mycoflora as destructive agent during germination of seeds 
and causing pre and post emergence death of seedlings. It is desirable that seeds 
should be tested for seed health before planting. In recent years, much attention has 
been given to non-chemical substances for seed treatment to protect them against 
seed-borne pathogens. Chemical fungicides can control the plant disease, but it has 
bad effects on human health, plants and animals and also harmful to our environment. 
On the other hand, several higher plant products and their constituents have shown 
success in plant disease control and are proved to be harmless and non-phytotoxic like 
chemical fungicide.  
The seed health testing is a primary need to avoid crop failure and it is 
desirable that seeds of crop plants should invariably be tested for seed health before 
planting so as to check the introduction of pathogens in new areas and be treated with 
suitable ecofriendly protectants to attain maximum yield of crops (Pathak and zaidi 
2013). From these findings, it is concluded that almost all the effective biocontrol 
agents and plant extract could be used as seed dresser before planting to reduce the 
incidence of seed-borne fungi. 
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SUMMARY 
· The present investigation was undertaken during 2011-14 to test the seed-
borne infection of wheat and maize seeds. Five different varieties of wheat and 
maize were taken from around the Aligarh district for seed health testing 
which is one of the very important aspects of  ensuring good plant stand and 
plant health. 
· From the survey of eight localities in and around Aligarh district of Uttar 
Pradesh, India, it was found that the nature of occurrence of all pathogens of 
wheat and maize was more prevalent at Aligarh. Among the associated fungi, 
Alternaria triticina (49%), Ustilago tritici (43%), were more prominent and 
aggressive to wheat crop and the Colletotrichum graminicola (50%), and 
Aspergillus flavus (46%) were more prominent and aggressive to maize crop. 
· Inspection of the dry seeds of wheat and maize varieties indicated that certain 
seeds were damaged, deformed, discoloured and contaminated with inert 
matter and infected with mycelial fragments. Studies of seeds of these cereals 
after soaking and washing with water revealed that conidia of Alternaria 
alternata, Drechslera, Curvularia lunata, Ustilago tritici, Fusarium 
moniliforme, Rhizopus oryzae and Aspergillus niger.  
· In the screening of different wheat varieties collected from different areas of 
Aligarh district, PBW343 was found to be most susceptible in terms of fungal 
infection as compared to other varieties. In variety PBW343 the most 
predominant fungi detected in order of prevalence were Alternaria triticina, 
Alternaria alternata, Ustilago tritici, Fusarium moniliforme, Rhizopus oryzae, 
Aspergillus niger, Drechslera australiensis. Maximum fungal incidence was 
recorded with Alternaria triticina and minimum with Drechslera australiensis 
in variety PBW343 screening test. 
· Similarly, in the screening of different varieties of maize, KH101 was found to 
be the most susceptible one. Predominant fungi detected in order of prevalence 
were Aspergillus flavus, Aspergillus niger, Alternaria alternata, 
Colletotrichum graminicola, Fusarium moniliforme, Penicillium spp., 
Bipolaris sorokiniana and Curvularia lunata. Maximum fungal incidence was 
recorded with Aspergillus flavus and minimum with Curvularia lunata in 
variety KH101 screening test. 
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· Among the three different seed health testing methods employed to access 
their efficacy and reliability blotter method was found better for the detection 
of seed borne infection of different fungal species in wheat and maize seed 
samples. 
Over all, the seed mycoflora of wheat and maize exhibited qualitative 
differences. Certain fungi were isolated only from wheat. Similarly, some 
fungi were confined to maize only. 
· From Blotter method, 20 fungi from non sterilized seeds and 16 fungi from 
surface sterilized seeds were detected in wheat variety PBW343. Similarly, 16 
fungi from non sterilized seeds and 14 fungi from surface sterilized seed were 
detected maize variety KH101. 
· From PDA method, 20 fungi from non sterilized seeds and 17 fungi from 
surface sterilized seeds were isolated from wheat variety PBW343. Similarly 
13 fungi as external seed mycoflora and 14 fungi as internal seed mycoflora 
from surface sterilized seed were isolated from maize variety KH101. 
· From Deep freeze method, 18 fungi from non sterilized seeds and 16 fungi 
from surface sterilized seeds were isolated from wheat variety PBW343. 
Similarly 16 fungi as external seed mycoflora from surface sterilized seed and 
13 as internal seed mycoflora from surface sterilized seed were isolated from 
maize variety KH101. 
· Most frequently occurring fungi viz. Alternaria triticina, Alternaria alternata, 
Aspergillus niger,and Ustilago tritici were found from wheat variety PBW343. 
On the other hand most frequently occurring fungi viz. Aspergillus flavus, 
Aspergillus niger, Aspergillus fumigatus, Alternaria alternata and 
Colletotrichum graminicola, were found from maize variety KH101 from all 
the incubation methods. 
· Transmission studies and pathogenicity tests were conducted both under 
laboratory conditions and in pots. Two methods were used for the study of 
location of pathogen in the seed and its transmission from the seed to seedling 
stage. Most frequently occurring fungi of wheat seeds were selected for 
pathogenicity tests. Out of which Alternaria triticina, Ustilago tritici, 
Bipolaris sorokiniana, Fusarium moniliforme, Aspergillus niger produced 
symptoms and revealed their pathogenic behavior in pathogenicity test. 
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· Similarly, most frequently occurring fungi of maize seeds were selected for 
pathogenicity tests. Out of which Aspergillus flavus, Aspergillus niger, 
Bipolaris sorokiniana, Colletotrichum graminicola  and Fusarium 
moniliforme produced symptoms  and revealed their pathogenic behavior in 
pathogenicity test. 
· Results of transmission of five seed-borne fungi of wheat from seed to 
germinating seeds and seedlings were determined by test tube seedling test. A. 
alternata, A. triticina, B.sorokiniana, F. moniliforme and A.niger were found 
to transmit to the germinating seeds causing pre-emergence and post 
emergence death. Simillarly in case of seed-borne fungi of maize, five kernel 
pathogens namely A.niger, A.flavus, B.sorokiniana , F. moniliforme and 
C.graminicola showed their transmission to the germinating seeds causing 
pre-emergence and post emergence death. 
· Four different methods as Seed coating method, Spore suspension method, 
Inoculum disc method, and Cotton swab method were used for pathogenicity 
test to select the method which may be standardized for pathogenicity, 
pathogen variability/ aggressiveness analysis and screening of varieties against 
the seed-borne pathogens of wheat and maize. Among the four methods, three 
were conducted in pots and the remaining one was performed using test tubes. 
Out of which, Cotton swab method was found to be most suitable for 
pathogenicity. 
· Screening of biocontrol agents, botanicals and fungicides by Dual culture 
method and Poisoned food technique was done  invitro study. Role of these 
treatments  in the disease management of pathogenic fungi of wheat and maize 
were evaluated.  
· The efficacy of the biocontrol agents, botanicals and fungicides was 
determined by the percent inhibition of the mycelial growth of pathogenic 
fungi. In wheat pathogenic fungi viz. A.triticina, A.alternata, F.moniliforme, 
B.sorokiniana, U.tritici and pathogenic fungi of maize viz. Aspergillus flavus, 
Bipolaris sorokiniana, Fusarium moniliforme and Colletotrichum graminicola 
were tested. 
· Among the four fungicides, carbendazim was the most effective one in 
inhibiting the mycelial growth of pathogenic fungi followed by benlate, 
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mancozeb, and vitavax at 500 ppm concentration. Thus, fungicide 
carbendazim showed a detrimental effect on the in- vitro growth of the 
pathogenic fungi. 
· In all the four biocontrol agents, T.harzianum was found to be the most 
effective one in inhibiting the mycelial growth of pathogenic fungi followed 
by P. fluorescens, T.viride and B.subtilis at 5mm disc containing 108 
conidia/ml concentration. 
· The efficacy of the plant extracts was determined by the percent inhibition of 
the mycelial growth. Among the seven botanicals, E. globulus was proved to 
be the most effective one  in inhibiting the mycelial growth of pathogenic 
fungi followed by C. procera, O. sanctum, D.stramonium, L.camara, R. 
communis, and E. hirta at 20% concentration. A suppressive effect was 
displayed by the all the treatments and the colony growth decreased with an 
increase in the concentration of biocontrol agents, fungicides and plant 
extracts with respect to all treatments. 
· Most of the seed-borne fungi of wheat and maize were controlled by 
biocontrol agents, fungicides and plant extracts by seed priming with the 
certain doses as they were found effective in screening test on fungal infection 
percentage and seed germination percentage.  
· Germination of seeds also improved significantly by treatments with 
biocontrol agents, fungicides and plant extracts by seed priming in Blotter and 
PDA method. 
· Pathogenicity of Alternaria triticina and Ustilago tritici on wheat plant in 
green house were conducted to determine the inoculum threshold levels. In 
case of Alternaria triticina maximum reduction in plant growth parameters 
was observed at the highest inoculum level 3 (4x104 spores/ml spores/ml) and 
for Ustilago tritici maximum reduction in plant growth parameters was 
observed at the inoculum threshold level (1.5 x104 spores/ml).   
· Pathogenicity of Colletotrichum graminicola and Aspergillus flavus on maize 
plant in green house were conducted to determine the inoculum threshold 
levels. In case of Colletotrichum graminicola maximum reduction in plant 
growth parameters was observed at the highest inoculum level 3 (1.2x106 
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spores/ml) and for Aspergillus flavus maximum reduction in plant growth 
parameters was observed at the inoculum threshold level 3 (1x106 spores/ml).   
· In the disease management of these pathogens, seed treatments and spray 
treatments with different combinations were applied. These levels of inoculum 
were therefore, used in the experiments related to the management of seed 
borne infection through organic amendments using botanicals, biocontrol 
agents and fungicides.  
· Most of the seed fungi of wheat and maize were controlled by the application 
of the effective doses of fungicides, biocontrol agents and botanicals. These 
were applied in different combination with FYM amended soil in pots. 
Different treatment were given in the form of spray or spray alone with seed 
coating treatments. 
· The application of a seed protectant chemicals to the seeds helps in producing 
better emergence. Four fungicides viz., Carbendazim (Bavistin), Vitavax  
(Carboxin), Mancozeb (Dithane M-45) and Benlate (Thiram) were found 
effective as seed treatment singly or in FYM amended soil on growth of A. 
triticina and Ustilago tritici infection on wheat and Colletotrichum 
graminicola and Aspergillus flavus on maize plants. 
· Carbendazim and Vitavax were found to be most effective in controlling 
fungal infection in wheat and Carbendazim and Benlate were found to be most 
effective in controlling fungal infection in maize crops. 
· The antagonistic effects of biocontrol agents viz., Trichoderma harzianum, 
Trichoderma viride, Pseudomonas fluorescens and Bacillus subtilis were 
found effective as seed treatment singly or in FYM amended soil on growth of 
Alternaia triticina and Ustilago tritici infection on wheat and Colletotrichum 
graminicola and Aspergillus flavus on maize plant.  
· Out of all the four biocontrols tested, Trichoderma harzianum and 
Pseudomonas fluorescens were found to be most effective in controlling 
fungal infection in wheat and maize crops.  
· The antifungal efficacy of leaf extract of seven plants viz. Eucalyptus 
globulus, Lantana camara, Calotropis procera, Ocimum sanctum, Datura 
stramonium, Ricinus communis and Euphorbia hirta was evaluated during the 
study. All the botanicals were found quite effective as seed treatment singly or 
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in FYM amended soil in reducing the infection of Alternaria triticina and 
Ustilago tritici on wheat and Colletotrichum graminicola and Aspergillus 
flavus on maize plant. 
· Out of all the seven plant extracts tested, Eucalyptus globulus and Ocimum 
sanctum were found to be most effective in controlling fungal infection in 
wheat and maize crops.  
· A significant improvement was noted in all the growth parameters of the 
plants such  as shoot length, shoot fresh weight, shoot dry weight, root length, 
root fresh weight, root dry weight, number of spikelets per spike,  number of 
grains/ spike, number of cobs/plant and number of seeds/cob and chlorophyll 
and carotenoid content were increased as compared to control. 
· Germination of seeds also improved significantly by treatments of fungicides, 
biocontrol agents and botanicals.  
· Food value of seeds also showed an improvement as there was a gradual 
increase in protein and carbohydrate contents of the seed due to the decrease 
in the infection of pathogenic fungi which is a result of the various seed health 
treatments.  
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